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FOREWORD 


‘lbs Vertical Antennat How It Cane 
From Where It Was 
To Where It Is Today 

In 1096 a young Italian scientist arrived in 
England with some mysterious apparatus in bis 
luggage. The customs officials, who had soon nothing 
lifce it before, examined it so thoroughly that tho 
delicate apparatus was completely wrecked, This was 
the inauspicious beginning oE a venture that was 
destined to revolutionize the communication pattern 
of the twentieth century, 

Guglielmo Marcon i t however, forged ahead with 
his unusual experiments and went down in bistorv as 
the father of radio communication. One of bis 
greatest inventions in this field was the antenna 
end today a descendant of that early device is known 
as the Marconi antenna. The inventor had the 
inspiration of combining an elevated wire used in 
thunderstorm experiments with his crude spark 
transmitter. The improvement in performance was 
magical. Marconi, by systematic experiments, found 
his radio range was extended immediately frnm yards 
to several miles. The addition of a telegraph key to 
his apparatus created a complete oommunication 
system which Marconi patented in 1B96—when he was 
22 years old. 

Marconi continued to inprovo tiis wireless 
System and hi3 vertical antenna has rightfully taken 
its place in history as a practical device for long 
distance communication. 










* 


This new handbook concerns itself with the 
vertical antenna in all its popular forms for bf end 
yhf communication. Computer "tier ived antenna designs 
are given for acieteur bands and information is 
provided to allow many of the designs to be used on 
frequencies falling outside the amateur assignments* 
Important dimensions are given in hoth English and 
Metric systems* 

The authors of this antenna handbook started 
eKperimenting with vortical antennas in 1934. During 
five decades they have learned a good deal about 
these interesting and practical antennas, but there 
is Still much to be discovered* There is no reason 
why you cannot experiment with, and improve on, the 
antenna designs in this handbook. 

Good luck and good DXl 





A. f ~~ — 


Chapter 1 




The Real-life Vertical Antenna 


A Simple description of a vertical antenna is one 
whose active element Is vertical with respect to the 
earth's surface, and which radiates a vertically 
polarised wave {Fig. 1). This representation Shows a 
radio wave travelling out of the page towards the 
reader. By definition, wave polarisation is vertical 
when the electric field of the wave is perpendicular 
to the earth. The complete radio wave consists of an 
interplay of energy between the horizontal magnetic 
field and the vertical electric field (Fig, 2>* 

If the position of the fields is reversed, the wave 
is horizontally polarized, Sn free space the 
definition LS meaningless, as the earth'a surface as 
a reference does not exist. 

In proximity to the earths, polarization is 
important as the surface of the earth reflects radio 
waves. The results of this reflection depend upon, 
wave polarization, the height of the antenna above 
the earth, and conductivity of the earth, 

Ground Keflection 

A radio wave hugging the surface of the earth is 
called a surface, or ground wave, and is useful only 
for short-range communication, as it is eventually 
absorbed by t-be earth, or wanders off into space* 
Absorption is less for longer waves than for Shorter 
ones, end the radio range of ground waves in the 
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Ftg. 1 Head-on view ol vertically polarized radio wave. The magnetic lines 
of lores 3 re parallel to the earth and the electric lines Of force put I he sur¬ 
face o( the earth. The complete wave consists of an Interplay of energy bet¬ 
ween the iwo force (reads. 



Rg. 2 Early interpolation of a vertically polarized radio wave sfiowl ng e lec- 
irie held radiated from antenna. (From "Wireless Telegraphy and 
Telephony", by Ashley and Lewis, 1911.) 
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Fig. 3 Reflection ol radFO wave from vortical anlenna above perfect, Hat 
earth. The wave received at a dlSUml point consists Of a drrecl 'wave plus 
wave Created by rellecliGn from the ground. This action compares to mlr- 
nor refleclion and the laws of optics apply equally well to radio wave reflec¬ 
tion. Reflected wave can be considered to come from an "image antenna" 
located as far below the earth's surface as the real antenna Is above it. 
Strength ol Ihe rtriectedl wave depends upon antenna height and Ihe con- 
duptlvlly of the earth, 

* * * a a a 

broadcast band nay be hundreds of -miles under good 
conditians + Ground wave propagation in the h£ 
spectrum, on the other hind, is limited to tens of 
miles, end is primarily limited to the horizon in 
the vbf spectrum. Long distance of propagation tabes 
place mainly because of wave reflection from the 
ionosphere, as discussed later in this chapter. 

Fig. j shows a vertical antenna above a perfect, 
flat ground. At a distent point a wave received from 
this antenna consists of a direct wave plus the wave 
created by reflection from the ground in the 
Vicinity of the antenna. At a more distant point, 
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only fchu reflected wave is received, This action can 
be compared to mirror reflection and the laws of 
optics that govern mirrors apply equally well to 
radio wave reflection. In the general case* the 
angle of t-he incident wave from the antenna to the 
ground fa) equals the angle of t bo reflected wave 
(b), with a portion of the reflected wave being 
absorbed or refracted by the ground. The intensity 
of the combined waves at a distant point varies with 
respect tc antenna height above ground, the angle of 
reflection, and also the reflective efficiency 
(electrical conductivity) of the ground, The vertical 
radiation pattern of the antenna is therefore 
determined by the sum cf the direct wave from the 
antenna and the groundereflected wave. 

In the case of a horizontally polarised antenna 
(a dipole, for example), reflection from a perfect, 
flat ground gives a phase (polarity) shift for the 
reflected wave of 1B0 degrees at most angles above 
the horizon with little wave attenuation, Sven over 
poor, low conductivity ground, the reflected wave 
retains nearly the same phase relationship to the 
direct wave and almost the same intensity, as ground 
absorption is low. Thus, the reflected wave patterns 
obtained over real-life ground closely resemble 
theoretical results determined mathematically. 

Ground reflection produces quite different results 
in the case of the vertical antenna* There is little 
phase shift of the reflected wave at high reflection 
angles, hut a considerable phase shift at lower 
reflection angles. As an example, £or a very small 
reflection angle (b) when the vertical antenna is 
close to the ground, the phase shift of the 
reflected weve is nearly ISO degrees when ground 
absorption is small, just as in the case of the 
horizontal antenna. But as the reflection angle 
increases, the phase shift decreases until, at a 
critical "Brewster angle", phase shift drops to 50 
degrees and wave attenuation is a maximum. This 
critical angle ranges from about ID degrees above 
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Frg, <i Phase change Of wave caused by ground rSflechnn for vertlcar and 
h&rfcrontal polahzatl nns, Tht p hase slays virtually cOdSla nl at T 0b deg rees 
for horizontal porarizatinn and changes substantially for vertical polariza¬ 
tion. Phase change taKCS plans at an angle bt fCflCClion between IQ and 
3G degrees dopsndlng upon soil conductivity. (Drawing courtesy Of "Mobile 
Radio Technology" magazine.) 

the herisen for good ground (a salt marsh,for 
example) to over 30 degrees for low conductivity 
(rocky, sandy) ground (Pig. 4), At this angle, the 
radiation pattern of a vertical antenna is affected 
the most by ground reflection* 

Below the Brewster angle the reflected, wevu fren 
A vertical antenna partially cancels the direct 
wave, while above this angle ground, reflection 
enhances the direct wave, providing a gain Up to 6 
decibels over free-SpAce conditions* This gain is 
theoretical, as no antenna in the vicinity of the 
earth is in free space. 

In any case, the better the ground conductivity, 
the lower the critical angle and the greater the 
low-angle radiation from the vertical antenna. This 
may be the reason that such conflicting results are 
reported by amateurs using vertical antennas* Those 
am&teurs living in areas of poor ground Conductivity 
are bound to have poorer low-angle radiation from a 
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Fig. 5 Ellcttive ground Conductivity In Ihs United Stales. The larger number 
indicates higher conductivity. Conductivity Is expressed In millImhos per 
meter. {Drawing courtesy of "Reference Data lor Radio Engineers".) 

given vertical antenna than those amateurs lucky 
enough to reside in a region of very good ground 
conductivity, Fortunate ly, except for desert A teas 
and regions with very rocky soil* most of the United 
states lies in an area having fair to good gronnd 
conductivity {Fig 5). 

Ground Reflection Patterns for Vertical Antennas 

Vertical polarization has important advantagee 
over horizontal, especially when antenna space in 
limited. Fig, 6 compares the vertical field pattern 
o£ a horizontal dipole and a quarter-wave vertical 
antenna located above good ground. As an example, 
assume that for Long distance communication a 
vertical radiation angle Of 2C degrees or less is 
desired. 

To achieve rr.aHianim radiation at this angle, it is 
necessary to place the horizontal antenna about 
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Fig. £5 A comparison of the vertical field patterns of horizontal and vertical 
antennas located above good ground. The horizontal antenna Is 
3/4-wavetength above ground while the base of vertical antenna is at ground 
level. Bolh antennes provide good radiation at a vertical angle OF about 2D 
degrees but horizontal antenna mual be 52 leal high to do the job on tho 
£0 motor band. 


3/4-wavelength above ground. The vertical antenna, 
however, radiates maximum power at or near this 
vertical angle when the base is at ground level. For 
the 20 meter band, this requires a horizontal 
antenna height of about 52 feet C15,Sm) compared 
with an overall height of only 16.5 feet (5m> 
the vertical antenna. 
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Pig, 7 Vertical rsdEelinn pattern nf a vertical dipole whose ba&C is at ground 
level. Over perfect ground, Ecrf angle rudifilion is maximum el Ihe nprljon- 
(A). Over average ground Ifl), typical cf Ihe United Slates, seme extremely 
low angl e radiallon Is lost. Poor ground! conductivity (C) reduces radiation 
at all vertical; angles. 

Theoretically, the vertical antenna provides a 
maximum radiation field dawn to zero degrees (the 
horizon), ns shown hy the dashed line. However, 
since the earth is not a perfect conductor, the 
extreme low angle radiation is not realisable. 

Note that the very high angle radiation lobe of 
the horizontal antenna is useless for most long 
distance, high frequency communication* It is this 
high angle lobe, an the other hand, that makes this 
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Fig. S Vertical radial ion patlcm Cl d ground plane antenna With Ihe base 
al ground level reaemhtes vertical dipole pattern, wlih ground absorption 
lasses showing below ahouE IS degrees. A- perfect ground, B- average 
ground, C- poor ground. 

antenna type outperform the vertical on short-haul 
communication on the lower frequency bands {160 and 
®0 meters, far example). 

The elevation pattern of the vertical antenna at 
various heights above ground shows interesting low 
angle radiation. The pattern of a vertical dipole 
whose base is at ground level is shown in Fig* 7* 
Over perfect ground the lew angle radiation is 
maximum at the hariton as shown by carve A. Over 
average ground (typical for the USA), some of the 
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Fig. 9 Vertical radiation anltam cf a ground piano anltnna With tine base 
elevates one-hall wave length above ground. Radial Ion la ooncentraled at 
a sElghtly lower angle than when -antenna is ground mounled, Second, hlghr 
nngic lobe appears at aboul 60 degrees above Ihe Horton, A- per red 
ground, 0- average ground, C= poor ground. 

extremely low angle radiation is lost but at an 
elevation angle of only 15 degrees, tor example, the 
radiation lobe i3 rlcwn less than 3 dB in power from 
the maximum theoretical value (curve a)* Poor ground 
conductivity, such as found in dry, semi-desert 
areas, further reduces low angle radiation, as shown 
in curve C, 

The olcvatlon pattern of a quarter-wave ground 
plane antenna with the base at ground level is shown 
In Fig* B* The pattern is much the same as that of a 
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Fig. TO Van leal radiation pattern at a ground plane antenna wllh l he base 
elevated three-quarters wavtlbnglh above ground. High angle lobe drops 
tosbuui in degreea. A=- perteel ground, B- average ground, C- poor 
ground. 

vertical half-wave dipole, with ground absorption 
loss showing at angles below about 15 degrees. In 
most typical installations radiation below 10 
degrees is virtually isero* 

The Elevated Vertical Antenna 

Fig. 3 represents the pattern Of a ground plane 
antenna With the base elevated one-half wavelength 
above the ground* Radiation is concentrated at a 
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Fig. 11 Vortical radiation pattern of a ground plane antenna wltfi Hie base 
ftlcvaled onewavElangth above ground. Three main l&PtS are shown, with 
the lowest an an angled less than lOdegresS above the horizon. A" ported 
ground, B- average ground, C- poor ground. 

slightly lower angle than when the antenna is ground 
mounted, and a second, high-angle radiation lobe 
appears at ahout SO degrees above the horizon* This 
lobe is useful for high angle, hf multiple-hop 
propagation such aa occasionally found on "..ong 
path" openings* 

"when thd ground plane antenna is elevated, so the 
base is three-quarters wavelength above ground trig. 
10) the lower lobe radiation angle drops to about £ 
degrees over average ground and the high angle Lobe 
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has split in tLO, providing maximum radiation at 
about 60 degrees and 30 degrees above the horizon. 

Pig* 11 shows the vertical pattorn of the ground 
plane at an elevation of one wavelength above 
ground. Three main lobes are Shown, with the lowest 
at an angle of less than 10 degrees above the 
horizon* The two higher lobes are at angles of ahout 
32 and 62 degrees. 

Elevating the vertical antenna is impractical Oh 
the lower frequency bands because of the size of the 
antenna, but it can improve overall D3i results on 
the higher frequency amateur hands, especially since 
boosting antenna height helps to raise the antenna 
with respect tn nearby metallic objects and power 
lines. 

As with any antenna, theoretical considerations 
are greatly modified in a practical environment but 
the vertical ttntenna stands on its own merits as a 
popular and effective hf transmitting antenna even 
though it is more susceptible to ground resistance 
loss than an equivalent horizontal antenna. Ground 
loss are covered in the next chapter. 

Ionospheric Reflection 

The vertical angle of wave reflection from an 
antenna in the vicinity of the ground is an 
important factor irt long distance hf communication 
because the radio wave is reflected again in the 
ionosphere at a distant point and returned to earth. 
The angles of reflection determine the wave path. 

For long distance communication, the optimum 
angle of ionospheric reflection depends Upon the 
height of the ionosphere, the length of the path and 
seasonal factors {Fig. 12). 

AS an example, an ionospheric height of 350 Jm 
( 210 rni) is shown in the drawing. Maximum distance 
of the first reflection point from ionosphere to 
ground is about 4160 km (2500 mi} from the 
transmitter, this corresponds to a vertical angle of 
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Fig. 12 Single-hop irsnsmiBslon lakes place Up to distances oE about 2500 
miles, This corresponds to a vertical angle of teflection hi the anlenns ol 
zero degrees BbDve the horizon, Multijzl c-h Op transmission reaches distant 
points. Silent (skip} zones between the hop points are shown. Broad ver¬ 
tical angle of radiation of antenna covers much Area between hap paints. 
(Drawing courtesy of "Stent Antenna Handbook”, Radio Publications, InC.) 

reflection above the horizon at the antenna of aero 
degrees. As the vertical angle of reflection 
increases, the distance to the first ionospheric 
reflection point decreases and the "skip distance 11 
to the area where the signal returns to earth is 
decreased. The laws of reflection point out that for 
greatest E>X work, the angle of ground wave 
reflection must he low in order to have the greatest 
sinqle^hop transmission distance. 

This does not imply that the transmitting antenna 
must direct its energy in a thin beam along the 
horizon to the distant ionosphere. This is not what 
happens in practical antennas. Rather, the vertical 
radiation pattern of an antenna is quite broad (20 
to 4D degrees} And the energy is "sprayed" 1 over a 
large area Of the ionosphere. This insures that some 
portion of the energy comes hack to earth at a 
distant point in spite of random variations in the 
ionosphere. 

Generally speaking, even though the vertical 
antenna pattern is broad for a given long distance 
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circuit and a given frequency, the lower the angle 
of radiation of the antenna the stronger will be the 
signal at a distant point. 

Multiple-hop Inflection 

For distances longer than 2500 miles (4160 
km),several ionospheric reflections are normally 
required (Fig, 12), On a very long path (New Tfork to 
Australia, for example>, many reflections may take 
place, txn fortunately, the signal loss for each 
ionospheric "hop" can run as high as 6 du due to 
wave absorption and scattering in the ionosphere and 
to ground absorption .Thus, to achieve the Strongest 
signal at a distant point, the fewer the ionospheric 
hops the better. 

Because of the geometry of reflection, as 
discussed earlier, a practical vertical antenna is 
theoretically able to provide greater low-angle 
reflected energy than an equivalent horizontal 
antenna limited to a reasonable height above ground. 
This is valid cn all amateur hf bands, and 
particularly true on the 160 and ©0 meter bonds, 
where even an antenna a half-wavelenqth high is 
generally impractical„ 

Horizontal vs Vertical—-Not a True Comparison 

One other factor influences the performance gf a 
vertical antenna when compared to a horizontal 
equivalent. While the horizontal antenna can provide 
attractive low angle radiation over rather poor 
conductivity ground, it may prove impossible to 
erect the antenna high enough in the air to take 
advantage of the resulting low angle radiation. As 
a practical example, consider a horizontal antenna 
mounted 35 feet (10,7 m.) above ground for 40 meter 
operation. This corresponds to an electrical height 
of onc-quartor wavelength. Maximum radiation in the 
vertical plane from this antenna is at 90 degrees to 
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tho horizon (straight up) and radiation at a 
DX-angle of 10 degrees is reduced about 12 dB below 
the maximum field. 

In comparison, a vortical quarter-wave antenna 
with the base at ground level provides a degree of 
radiation at a vertical angle of 10 degrees above 
the horizon. If ground conductivity is average, the 
field strength at this vertical angle is 6 dB below 
the maximum theoretical value. It seems as if both 
antennas suffer a handicap in reduced field strength 
at a low BX-angle of radiation. 

Are fchu handicaps equal? The vertical field 
patterns indicate the vertical antenna is about 5 dB 
better than the horizontal at a 1G degree vertical 
angle. But this comparison may be misleading. It is 
like comparing apples and oranges. 

Amateurs who are fortunate to have two antennas 
in this physical arrangement on the 4 Q mater band 
conclude that the antennas are roughly equal in 
performance when they are located, over average 
ground. That is, a dipole about 15 feet in the air 
compares favorably in transmission and reception at 
40 meters with a ground mounted quarter-wave ground 
plane antenna. In some instances one or the other- 
antennas seem to favor a particular propagation 
path, but the advantage is a small one and not 
consistent* with OcIC exception: the horizontal 
antenna always provides a stronger signal for short 
distance communication* That is* the high angle 
radiation of the horizontal provides much stronger 
signals for close-in work than doOd the vertical. 
But over about miles (1160 km) on the 40 meter 
band* the two antennas seem equal. The same results 
hold true on SO meters* except the area of signal 
equality lies much closer to the antenna (about 500 
miles* 0 £ 330 km). 

The comparison is even more striking on the 160 
meter band. It is nearly impossible to erect a 
horizontal antenna one quarter wavelength high on 
this hand and most amateurs are content with an 
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ahtertna height of 60 feet (10 m) or less. This 
corresponds to an electrical height of about 
one-eighth wavelength and at this elevation low 
angle radiation from a horizontal antenna, is almost 
nil. 

Because it is difficult to achieve low-angle 
radiation from a low horizontal antenna* the 
preferred DX antenna of many operators on the 160 
and 60 meter bands is the vertical —even a short 
one having low overall efficiency, A horizontal 
antenna is satisfactory for local* arpund-the’State 
communication on the low bands and many amateurs 
have worked DX with puat such an antenna, but it is 
considered to be a poor DX performer by those who 
have taken the time and effort to erect a good 
vertical antenna system. 

As a practical, example* one of the authors of 
this handbook Compared a horizontal dipole 40 feet 
(12 m) high against a short* coil-loaded ground 
plane 40 feet high whose base was mounted 3 feet 

(2.4 m) above the ground, A network of six radials 

was used with the ground plane antenna (Fig, 13), 
Tests were run on 60 meters for more than three 
years and the results were quite consistent. Out to 

about 600 miles (1000 km) the low dipole provided 

the superior Signal* often by 10 to 30 decibels* a$ 
compared to the ground plane. At a distance of about 
1200 miles (2000 km) signal reports were usually the 
same for both antennas. But at greater distances the 
vertical antenna consistently proved to be the 
better performer. Transoceanic contacts could be 
easily worked with the vertical? often the DX 
signals could not be heard on the horizontal. DX 
Signal reports received on the horizontal proved to 
be 10 to 15 dB weaker than those received on the 
vertical. Clearly, except for local work, the 
vertical antanna was the star DX performer on ec 
meters) 
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Fig, 13 Comparative teats were run on BO meter dipole and ground plane 
antennas. Low dipole proved best tip lo abuiil 600 miles distance. Eclh 
antennas seemed about equal et 1200 miles tiislance. For lung distance 
Work, the ground plane antenna was the better performer. 


The Picture Changes Above 7 HKz 

While the vertical antenna proven to be the 
superior antenna for Low"band bX, th(r picture 
changes at 7 MHz and above. Now it is possible to 
erect a horizontal antenna high iil the air in terms 
Of operating wavelength, A comparison of a 40 toot 
[12 p} high dipole and a ground-mounted, full-size 
ground plane at 7 llEz showed the former bettor for 
Close-in work, hut the two antennas seemed about 
equal for DX operation. The vertical antenna was 
better for very long contacts {California to 
Saudi-Arab!a, for example ) and the ipprovement was 
consistent, but it was not of great raagnitude. 

The final oomparisionS between simple horizontal 
and vertical antennas took place on the IQ, 15 and 
20 meter bands. In each test the horizontal antenna 
was 40 feet (12 ml high and the base of the ground 
plane antenna was $ feat (2.4 ml above ground, Six 
radial b were used on each vertical ground plane 


antenna 
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These arrangements were chosen because they are 
typical of an "average* 1 ancataur installation. Tests 
were run on worldwide and domestic contacts for a 
period of over two years. Signal reports showed that 
the horizontal dipole had about 6 dB (approximately 
onO 3-unitl advantage over the ground plane most of 
the time on long propagation oaths on all bando, The 
improvement was most noticeable on the 15 and 10 
meter bands where dipole height was Large in terms 
of wavelength. 

On quite a few occasions the vertical antenna 
outperformed the dipole on DX contacts by as much as 
OH 5-unit* Greatest improvement was noticed -during 
disturbed ionospheric conditions. During excellent 
DX conditions, the dipole proved to be the better 
antenna. Even so, plenty of flattering reports were 
received on the Vortical antenna* After all, if you 
are S9-plus 20 dB on one antenna, does it matter if 
you aro only £9-plus IS dg on another antenna? 

Many similar tests have been run by the authors 
over a 35 year period and have been repeated several 
times in different Locations. Other amateurs have 
also contributed to the tests. While the high dipole 
proves to be the better performer on the higher 
bands a majority of the time, the ionosphere is a 
great levelet of Signals. Cm all bands (except ID 
and possibly meters), the slight loss of signal 
strength for the ground plane antenna may be of no 
consequence, considering the savings in state and 
the unobtrusiveness of the installation as compared 
to a dipcle antenna, 

Sut the lust word has not been said about the 
vertical antenna, as explained in the next section. 

The High Vertical Antenna 

It is easy to raise the vertical antenna above 
ground in terms of operating wavelength on the 
higher frequencies. Getting any type of antenna high 
in the air is the secret to success on any amateur 
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band. While the theoretical vertical radiation 
pattern nf a vertical antenna mountEd a distance 
above the ground shows some high angle radiation, 
the antenna is Still an effective low-angle DM 
radiator. It disproves the old saying that "the 
vertical antenna is equally weak in all directions". 
One reason for the improved performance is that a 
high antenna can be placed in the clear as far as 
local obstructions are concerned, 

The Japan-California Tests 

In the late 1,950s extended tests were run between 
California and a Marine Corps amatenr station 
located in Japan, The 20 and 1.0 meter bands were 
used and tests were run fcr over a year. Tho station 
in Japan had three element Vagi beams about JO feet 
high £12,2 es) and ground plane antennas atop masts 
nearly 50 feet £2t*4 niJ high. 

On both bands, results on the japan-California 
path were interesting. Under good conditions, the 
hearts were about one S-unit (6 dB) louder than the 
corresponding ground plane. under poor conditions, 
or when the band, was just opening in the morning or 
□losing in the evening, the ground planes were the 
superior antonnas* providing stronger signals with 
less fading. 

Encouraged by the results, the Marine Corps hams 
moved the ground plane antennas to the top of a 200 
foot £61 mj high chimney. The results over a long 
period of time showed that the ground plane antennas 
were nearly the equal of the 40 foot high ‘fagi beams 
and in many circumstances provided superior signals, 
Unfortunately, the tests were broken off when the 
operators in Japan returned stateside and the ham 
station was closed down* 

Not many amateurs can place their antenna cn a 
200 foot chimney* but an amateur living in an 
apartment building can obtain excellent results from 
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a. simple ground plane antenna mounted on the roof. 
And an amateur living in a multistory dwelling 
should certainly investigate the idea of placing a 
vertical antenna on the roof if open yard space is 
scarce J 

Jumping to Conclusions About Vertical Antennas 

It is not easy to reach specific conclusions from 
a series Of unrelated tests performed at random over 
many years, But the fact remains that the vertical 
antenna is a good DX performer under difficult 
conditions and, when installed with care, provides 
good results. The best possible world is tc have 
both horizontal and vertical antennas yourself and 
make comparisons that are meaningful to you. 

There is no simple answer to the choice between 
the antennas, A lot depends Upon the band you use, 
til® results desired, and the amount of real estate 
you have available* Surely Oh the 160 and 30 meter 
bands the serious operator will choose the vertical, 
AS it is a Star DX performer and there is no real 
competition to it. However, if you enjoy local rag 
Chews on these bands arid arc not an all-night DX 
chaser, a horizontal antenna about 40 feet <12 m) in 
the air Will do a good gob for you. If it is higher* 
the results will be better* but don't expect Such an 
antenna to win a DX contest for yout 

The Favorite Antennas of WSSAI 

"My favorite antenna for 160 Or B0 meters is a 
dipole because 1 don't chase DX on these bands, 1 
like to rag-chew, Besides* the vertical antenna is 
Sensitive to noise* and most noise is vertically 
polarized, I have a very high noise level and I 
have trouble hearing weak signals on a vortical, I 
Can work some DM on the dipoles (east COdSt on 160 
meters and Europe on BO meters) but I know my old 
ground planes in my previous location were much 
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better DJ£ performers on these bands. 

"Ob the 40 arid 30 meter bands, the situation is a 
tosh-up* Hy power line noise is much less on these 
bands and the vertical antennas do a good job Ob 
t ran sail is sion and reception:* -on the whole. I'll chose 
the verticals for these bands* In any event, 1 can't 
compete with the 40 meter Yagis that are showing dp 
but i can give a DM good acount of myself with the 
vertical, 

"On the higher bands {2G through 10 meters) it is 
easy for me to erect a dipole 50 feet (, 15 m) in the 
air* The horizontal antenna is my choice beaCusu it 
is easy to install and provides excellent results. I 
have ground planes for these bands, too, from time 
to time* They are located about 12 feet {3*G si)above 
ground* But the redials are inconvenient H running 
around the yard, SC they don't stay up except for 
occasional tests, I've made WA-C (Worked All 
Continents) and DX-CC with the verticals and 150 
watts power, SO you can say they work fine for me* 
In the long run, however, L'd choose a six element 
Vagi Q-n a 1SQ foot (46 n) high tower any day' Since 
I don't have the room, time or money to greet Such a 
giant, I have a lot of fun with the simple antennas 
that I have) 1 ' 

The Favorite Antennas of W2LX 
“ I lived in an area that had good soil 
conductivity, near Long Island sound (NY)* I had a 
Yagi at 45 feet and several ground plane antennas at 
a base height of 10.5 feet (3.2 si). The Yagi beam 
outperformed the ground planes, but Eh ft ground 
planes were equal in every respect to single band 
dipoles that I tried from time to time, And they 
were a lot easier to maintain In bad weather than 
was the beam. 

" I ran many skeds with Australia using the 
ground Clano on 14 MHz end worked plenty of DX with 
this simple antenna—even with my 4-watt rig* A 

few months before I moved, I took down the tower and 
the Yagi bean and just used the ground plane. I hate 
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to admit it, but for my style of operating, I really 
didn't miss the beam. 

“Bow I am living in an area where it is difficult 
to erect a bean antenna. So r am using ground plane 
antennas and am satisfied. I may not be the loudest 
signal on the bend, hut I work plenty of DX and can 
compete in the pile-ups* My advice is nop to envy 
the hoys with the big antennas, A good operator with 
a simple antenna can even the score more times than 
you would imagine!" 

The Choice; Horizontal Versus Vertical Antenna 

The choice is interesting and in most case is 
dictated by the space available and monetary 
considerations. Consider these virtues of the 
vertical antennas 

1* A vertical antenna is inexpensive and simple to 
build and install. It occupies little ground 
space, 

2. A vertical antenna can be conveniently fed at the 
base by a coaxial line and a simple matching 
network* 

3. A vertical antenna is unobtrusive and draws 
little attention from curious neighbors, 

4. A vertical antenna is nondirectional and does not 
require a rotator, 

5. Low angle radiation can be obtained from the 
vertical antenna in the Lower frequency ham bands 
where practical horizontal antenna heights provide 
Only high angle radiation, 

6. A multihand vertical antenna is inexpensive 
compared to the cost of a multiband beam. 

Now consider the case for the horizontal antunna: 

1, The horizontal antenna is less susceptible to 
man-made interference (auto ignition,power line 
noise, etc,) than is the vertical antenna. 
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2 , Thu horizontal antenna is loss affected by ground 
resistance in the near-area of the antenna than is 
the vertical, 

3, Since many tv and fin antenna lead-in wires run in 
the vertical plane, a nearby vertical transmitting 
antenna may cause more TVI overload to a nearby 
receiver than would an equivalent horiiontal 
antenna. Hie leadin of the entertainment equipment 
can act as an antenna, picking up signals radiated 
by thu vertical transmitting antenna. (On the other 
side of the coin* many horizontal antennas are badly 
affected by noise in nearby power lines running 
parallel to the antenna*) 

4, NO extensive ground system is required for the 
horizontal antenna, whereas an extensive one may be 
required for good vertical antenna performance. 

Can the 11 Follow at the Cither End" 1 Tell the 
Difference? 

Variations in transmitter power, antenna gain and 
angle of radiation can be observed at a distant 
receiving point, but it is unlikely that the casual 
listener can identify anything hut major changes in 
these parameters without accurate instruments. 
Real-life propagation conditions tend to blur 
changes in transmission parameters that are readily 
predictable on paper. The majority of amateur 
contacts are gf a random nature and if propagation 
does not support communication in one direction, it 
will support it in another. 

Amateurs find to their dismay that they are 
hemmed in by neighbors, power lines, tv antennas, 
building codes, and financial considerations that 
limit the antenna, o£ their choice. In these cases, 
and others, the worth of the vertical antenna system 
conclusively proves itself. 
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The VHF Vertical Antenna 


SO far no mention has been made of the use of the 
vertical antonna On the 6 meter band and the higher 
vhf bands* Antenna polarisation plays a different 
role here as there is little if any ionospheric 
reflection 00 thebe bands (except possibly on 6 
meters at the peak o£ the sunspot cycle). 

Vertical polarization is very popular on the vhf 
bands, principally because a lot of mobile operation 
takes place here* and it is easy to mount a small 
vertical antenna on a vehicle. Most fm repeaters are 
vertically polarized, however, some of the OX and 
sideband operators choose horizontal polarization. 
They have no interest in repeaters and it is easier 
to build large horizontally polarized arrays that 
the vortical equivalents, Many vhf operators have 
both antenna polarizations available and use one or 
the other depending upon the type of operating they 


are doing. 

The conclusion 
is chosen to meet 
because one type 
another. And this 


is that vhf antenna polarization 
practical Operating needs and not 
of polarization is hotter than 
common -sen be cone lesion can apply 


equally well to the hf region! 


Scaling Antenna Designs 


It may be desired to build an, antenna to operate 
at some frequency removed from an amateur band. The 
designs shown in this handbook cart bo Scaled to 
another frequency by the following ratio* The new 
dimension equals the original dimension multiplied 
by the original frequency ih MHz. The product is 
then divided by the new frequency in MHz* 

For example, assume a 14.15 kHz half-wave element 
measured 33.01? feat <10*OS ifi) long. What will be its 
new length when scaled to 10,1 MHz? 

The new dimension is equal to 33*0? times 14,15 
divided by 10,1, or 45.33 feet (14.12 m). 
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More About HF Propagation 

High frequency propagation is too complex a 
subject to cover completely in this handbook. For 
those interested in learning more about the subject* 
the following publications are recommended! 

Jacobs and Cohen, The Shortwave Propagation 
Handbook"', 2d edition, CQ Book Shop, 76 North 
Broadway, Hicksvilie, NY 11601, 

hall, woodward and DoMaw, '"the aekl Antenna 
Book™, 14th edition, American Radio Relay League, 
Newington* CT 06111, 

Computerized Propagation Programs 

Computer!zed propagation programs have been used 
for some years by the Voice of America, the British 
Broadcasting Corporation and others involved in 
shortwave radio communication. 

A version of a program developed by the d,s, 
Havy has been adapted for use on home computers and 
is available under such names as "Mini plot 17 or 
"WUFplot' 1 » The MUFploL program was derived from 
measurements made over a complete sunspot cycle from 
over 4 1 DO test sites on 23 different paths that 
circled the globe. The results obtained from this, 
end other programs, compare favorably to preductions 
made by larger computer systems and to actual huf 
observations. 


Chapter 2 


The Radio Ground 


An electrical ground is a common reference point 
in a Circuit which is at the same potential as the 
earth. Earth is literally taken as "ground 1 ', but not 
all earth provides a good ground, as discussed in 
this chapter. 

The radio (rf) ground is s reference point in any 
circuit at which rf voltage is taken as zero, Radio 
and electrical grounds are the same in most 
circuits, but they can be quite different. If the 
resistance (or impedance* to use a fancy term) 
between radio and electric grounds is very low, they 
may be assumed to be the same. 

The Electrical Ground 

In house wiring tho electrical ground is the 
Cquipm.ent ground to which all exposed metallic 
Surfaces are connected to reducs shock hazard. Most 
modern home wiring in the USA is a single chase, 
three wire system, having one neutral wire (white), 
one '“hot" wire {black, blue, or red) and an 
Qquipment (electric) ground wire {green or bare 
copper)* as depicted in Fig, 1, The neutral and 
equipment ground conductors are grounded to earth 
at, or near, the distribution transformer or fuse 
block of the residence. 
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GROUND 

Fig. 1 HF ground currents reach ssnh via the equipment power line J 1 S well 
OS by IhC r^idio ground (arrows). For best radio results, Ihs rf end power 
line grounds should he decoupled by placing an rf ehoKC in the power JFnft 
(seo text). 


Separating the Radio (rf) and Electrical Grounds 

Figure 1 shows that two radio ground paths exist 
in the circuit— the intentional radio ground at the 
equipment arid also the electrical ground at the 
distribution transformer* The later serves as a 
radio ground, whether the operator desires it or 
not, as rf ground currents from the antenna circuit 
can return to earth via both Of the paths. The 
unwanted path through the power cable is closely 
coupled to the '’hot™ conductor and feeds some rf 
energy into the house wiring. This can result in 
unwanted TVI and RFI in nearby home entertainment 
equipment, 

The radio and equipment grounds can be separated 
allowing each to do its specific task by decoupling 
the power cord to the transmitter through an rf 
chnbe (Fig, 2), The power cord is simply wrapped 
around a toroid or ferrite rod.This prevents rf 
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Fig. 2 Wrapping I he power curd to the tmnsmlltlng equipment around a 
ferrite core or rod decouples It from the power line ground, This helpa to 
prevent rf cunrenls Trom pasElng devrn IhC power cord instead of going 
tc earth v3a the radio ground connection el the transmitter. 

currents from passing down the power line instead of 
going to earth via the radio ground connection at 
the transmitter. 

Ground Conductivity and Resistivity 

Since the days of Marconi, transmitter engineers 
have been concerned with rf power lost in the 
ground. Early broadcasters made exhaustive studios 
of ground loss. An early description of this 
phenomenon was given hy G.H, Brown in his classic 
’’Proceedings of the IRE" Article of February, 1935: 
"In the operation of the usual transmitting antenna, 
the conduction current in the antonna diminishes as 
Wo proceed upward along tbo antenna.. This is 
explained by displacement currents which are assumed 
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to flow th tho antenna# through apace# to the 
conducting plane below. Thia conducting plane 
completes the circuit by forming the return path to 
the base of the antenna. If this plane ia not a 
perfect conductor# gome pwer must be expended in 
returning the current to the base of the antenna*" 4 

A few months later, Brown expanded hie view of 
tho role played by the ground in radio transmission. 
“Ground Systems below an antenna play a dual role* 
Cne function of the ground system is to provide a 
good conducting path for earth currents# so that 
these curronts will not flow through a poorly 
conducting earth* The other function is to act as a 
good reflector for radio waves coming from the 
antenna# so that the vertical radiation pattern will 
he close to that Obtained if the earth under the 
antenna were perfectly conducting". 

Today, radio engineers have a good concept of the 
role played by the ground in the transmission of 
radio waves. A radio wave striking the ground is 
partially absorbed# causing currents to flow in the 
earth which are attenuated with distance at a rate 
determined by ground Conductivity, frequency# angle 
of incidence and wave polarization. Depth of 
penetration of the wave ia about 5 to 10 feet (1*5 
to 3 01 } for TS percent current attenuation in the hf 
region. Thus, ground currents for a particular 
antenna are affected by antenna position and by 
conditions existing on and beneath the earth's 
surface for a considerable distance around the 
antenna. 

Good conductivity (low resistivity) exists in 
moist# flat, rich soil and marshy ground. Poorer 
conductivity ia found in pastoral land and forested 
areas, The latter soil is found in much of the USA 
and is termed "average ground". Poorer conductivity 
is found in heavy clay soil and rocky# satjdy earth 
typical of coastal country. Heedless to say, the 
worst ground conductivity is found in builCup 
industrial areas (Table 1), 


THE RADIO GROUND 


11 


SOIL 

HEsismirr 

OHM-GM 

AYEhIGe Mitt. MU. 

Fills— ashes. cinders, brine wastes ... 

2.37D 590 

7,000 

Clay shale, g jir.be, loam. 

4.060 3'to 

16,000 

Same—with varying prOpDr’rans a. sand 
and gravel ..., .. 

15.80Q 1,020 

135,000 

Gravel. S3nG, stones, with little day 
or Jeam . , ,, , 

54.000 50,000 

453,000 

SOIL 

RESISTIVITY. 

OHM CM 

(RJlNGEI 

Surface sails, loam, elf. 

1D0 — 

5,000 

□Tay .. 

200 — 

10,000 

Sand and gravel. 

. . . 5,000 — 

100,000 

Surface l nirstone . 

. , 19,000 ™ 

1.000,000 

Limestones 

500 — 

400,000 

Shales. 

5DD — 

10,000 



Sandstone ., ,, 

... 2,000 — 

200,000 

Granites, JjssaKs, e;c... 

lOOfMO 

Decum nasedi gnaisies 

. . 5,950 — 

50,000 

SlJtOJ, etc.. 

.. . 1,030 — 

10,000 


Table T. Resistivities o( different Stolls. (U. 5. Bureau of Standards Technical 
Report IDS.) 

3b all cases, ground resistivity is lower in the 
rainy seasons than in dry weather as ground water 
dissolves the salts in the earth and increases 
conductivity near the surface. 

For the case of the vertical antenna# ground loss 
is important because the electric field of the wave 
cuts through the earth's surface inducing ground 
currents Which must travel through the lossy ground 
back to the antenna. As a result# thorc is a 
dissipation of energy that represents power lest 
from tbo radio wave. 

In addition to power loss in the soil# ground 
resistivity up to a distance of about 10 wavelengths 
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MOISTURE WMETENT,. 
% BY WEIGHT 

RESISTIVITY, QilK-Ct* 


Tip SOIL 

SANDY LOAM 


0 

1.000 X 10 ,; 

1,000 X 10 ,; 


2.5 

250.QD0 

150,000 


5 

165,000 

43,000 


10 

53,000 

18,500 


15 

1,000 

10,500 


20 

12,000 

6,300 


30 

6,400 

4 r 2QQ 


AmULD SAIT 



% er WEIGHT 

resistivity. 


07 MOISTURE 

CihM-CM 


0 


10,700 


0.1 

1,800 


1.0 

460 


5 


100 


1G 


130 


£0 


100 



h far in'dy 14*.™—tor.knl, 15% by *rrr= £ht! ftmpcrj^urc, 17'C (53' fj 


Table 2, Earth resistance depends U|»n lype Qf sail, Ihe amount of 
moist Lira, and IhtSfllt e&nlen(. Hsturally occurlng salts In (ho oaritt dissolved 
In ground water lower resistivity. 

from the antenna affects the low angle radiation of 
the vertical antenna as discussed in the previous 
Chapter* 

What Affects Ground Conductivity? 

Ground conductivity [or resistivity} depends to s 
large extent upon the type of soil, the amount of 
moisture in it, and the salt content. Moisture 
varies with the season of the year, the amount of 
rain, and the depth of the natural water table. When 
very dry, most all anils have high electrical 
resistivity and poor conductivity, but even with a 
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TEMPERATURE 

RESISTIVlTT, 

OHM-CM 

C 

f 

20 

60 

7.200 

10 

50 

9, SCO 

0 

32 [water) 

13,800 

0 

32 (ice) 

30.000 

- 5 

23 

70.ODD 

—15 

14 

330.000 

♦For si mg tMfn, L5.2% auiriure. 


Table 3. Earth resfetsnee E5 dependent upon lemperature. When soil and 
water freeze, comcfuetlvily drops and resistivity Increases jspldly. 

Slight moisture content soil resistivity drops 
rapidly. Naturally securing salts in the earth 
diSSdlven in ground water lower resistivity, as 
sumirari3-ed in Table 2. 

In addition to the moisture content, coil 
conductivity is dependent upon temperature. When 
soil and water freeze, conductivity droos 
appreciably and resistivity increesus rapidly as 
soil temperature drops below freezing. Because of 
these effects, soil conductivity varies considerably 
with the seasons of tbs year, particularly In 
locations where there are extremes of termerstu re 
(Table 3). 

Tn the main, ground conductivity, aside from the 
Small area directly below the antenna, is 
uncontrollable because the total area of signal 
reflection is large around a typical antenna. The 
fact remains, however, that vortical antenna 
performed! is more sensitive to the degree of ground 
conductivity than is an equivalent horizontal 
antenna * 

In addition to losses caused by induesd ground 
Currents, ground resistance is of interest because 
it is in series with the radition resistance of the 
antenna and transmitter power is divided between the 
two resistances. That power flowing through ground 
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_- 0.5 = EQ% 

3D * 35 

Fig. 3 Ground resistance {Rg) Ls Jn aeries with TCCtfpornt resistance (Raj. 
In a Marconi antennaefficiency requires low ground resistance, in this ex¬ 
ample, ground resistance la equal io ihe antenna reed point resistance and 
overall antenna aff fancy Is fitly percent. 

resistance is lost so it is important to do 
eveything possible to make ground resistance low 
with respect to radiation resistance, as discussed 
in the next section, 

Radiation and Feedpoint Resistance 

All antennas exhibit a quality called radiation 
resistance. It is daSbribed as that value of 
resistance which, when substituted for the resonant 
antenna, will dissipate the game amount of power as 
is radiated by the antenna. The actual value of 
radiation resistance cf a particular Antenna is 
determined by the antenna configuration and its 
placement with respect to the earth and nearby 
objects, 'fhe quarter-wave ground plane, for example, 
has a radiation resistance of about 36 dbns, and 
short, coil-loaded vertical antennas show radiation 
resistance values in the range of 0*5 to 30 ohms. As 
stated earlier, radiation resistance is in series 
with ground resistance in an untOnna cicuit and a 
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Fig. 4 Ground resistance dcCrc-iiscs Wilh depth of ground rod In earth, IE 
IS an exceptional ground connection that has a resistance of less Shan 20 
ohms. ( L_ Ground Connections lor Electrical Systems", Peters, U. 5, Na- 
licnal Standards Technical Paper 100, Courtesy "CD” magazine}. 
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high ratio of radiation resistance to ground 
resistance results in an efficient antenna. If the 
antenna is resonant, the radiation resistance is 
terned "feedpoint resistance". 

Ground Resistance and Antenna efficiency 

Ground resistance includes resistance of the 
around itself and the resistance and reactance of 
the conductor connecting the radio equipment to 
ground* ?or example, if the radiation resistance of 
a Marconi antenna is 36 ohms (Ka) and the ground 
resistance (RgJ is also 36 o-tlmS, overall antenna 
efficiency is equal to the radiation resistance 
divided by the sura of the resistances, as shown in 
Fig* 3. Overall antenna efficiency is 50 percent, 
which means that half the transmitter Output power 
is wasted in ground resistance* 

Values of ground resistance have been measured as 
high as 2OQ ohms in vary poor soil, and it is an 
exceptional ground connection that has less than 20 
ohms resistance (Fig, 4), Even at this low figure, 
overall efficiency of the example antenna drops to 
63 percent. And if an antenna has a radiation 
resistance of only en ohm or two (ns may he the case 
with a short, coil-louded antenna], efficiency drops 
to only a few percent! It is clear that low ground 
resistance is important where antenna efficiency is 
concerned and this chapter tells you how to obtain a 
good r low - *loss ground* 

The Ground Connection 

A simple means of making a radio ground 
connection is to drive a metal rod into the earth 
and to Connect the radio equipment to it. A single 
ground rod, even if driven into soil of good 
conductivity, will not produce a low-loss ground 
cnnection as it does not contact enough of the soil* 
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Fig, S Contnote*filled drive pipe mattes job of driving ground rod easier. 
Butt end of ground rod Is slipped Into drive pipe end upper end of rod Is 
driven downwards with Ihc driver. When Ihc drive pipe cylinder approaches 
ground level Ihe driver Is reversed end short section used as the drive. 
(Drawing courtesy of ■‘Interference 1 Handbook \ Radio Publications, (nc.) 

Multiple ground rods connected in parallel will do a 

better job, 

A practical ground rod, readily available at 
electrical supply stores, is the Hubbard 3616 which 
is 3/a-inch (0.B3 cm) diameter and 6 feet (2.44 mJ 
long. The rod is steel core for easy driving arid 
copper coated for good electrical conductivity* The 
bod is driven into the ground until only the top 
clears the soil. A single rod, driven into soil of 
good conductivity. Will provide a radio ground 
having a resistance of about 20 to 30 ohms. Two 
ground rods spaced about 5 feet (1.5 m) apart and 
connected together with a heavy copper strap will 
drop the ground resistance hy half. 








44 


VERTICAL ANTENNAS 


SC:. TPCHTjiG Hi'ESUL 
*LJti t' h C JILL in TflEHCH 
AhC covebec with ESPTh 



Fig. 6 The trench method ol chemfcaFSOiI IreBlment For ground rod, f"Prac¬ 
tical Grounding Principles and Pradices for Securing Safe, Dapendabte 
Grounds". CoppOTweld Corp., Glassport, PA). 

The Ground Rod Driver 

If the job is done right, it is not difficult to 
drive a ground rod into the soli. A steel post 
drIvor (available at a tool rental service) can be 
used* or the ground rod driver shown in Fig* 5 can 
be made up. The driver consists of a concrete filled 
-Steel cylinder with a driving pipe on one end and a 
guide pipe on the other. 

'FO start the job, a hole about a foot (Q.3 m) 
deep is dug at the location for the ground rod. The 
top end of the rod is slipped into the long section 
of the driver. This prevents the rod from buckling 
when the going gets difficult. The rod is centered 
in the hole and driving is started* Soaking the 
earth with- water makes thf; job easier, A smell 
ladder is required at first to allow the operator to 
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deliver a sound blow with the driver. Using six inch 
blows, the rod penetration into the earth is 
started» Once a foot or two of the rod has entered 
the ground, longer strokes can be Used., Continue 
this until the red is as far into the ground as it 
will go using the long (guide) section of the 
driver. 

At this point, the driver is reversed and the 
short section is slipped over the ground rod. 
Continue driving until the top of ttoo rod is just 
above ground level. If multiple rods are used, 
connect them together with heavy wire or strap. 

Soma amateurs dig up the soil before the ground 
rod is driven and HliK ro-ck salt and gypsum (60-40 
proportion) into the soil, which is then watered and 
camped down. Treated soil is corrosive and should 
not touch the ground rod, so treatment is usually 
confined to a circular trench about the rod (Fig, 
6 ), 

Chemical treatment is not a permanent cure for 
high ground resistance as the chemicals are washed 
or leached away by rainfall and natural drainage 
through the soil. Care should be taken with this 
form of treatment Us it may seriously pollute ground 
water. If the house gets water from a nearby well, 
the effect of pollution should certainly be 
investigated. Chemical treatment has the advantage 
of reducing seasonal variation in soil resistance 
that results from rainfall and runoff (Fig, 7), 

Use the Hone Plumbing System as a Ground? 

Many residences are plumbed with copper water 
pipe that is soldered at the joints. This comprises 
a large area of metal in proximity to the ground and 
which is grounded at some point along its length, A 
ground connection to a cold water pipe has worked 
well for many amateurs trying to obtain an easy and 
inexpensive ground. 
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F!(jr T Seasonal variation of earih resistance with 3M-irch pipe driven in 
stony, clay soil. Depth cF alactroda in earth Is 3 led Tot curve 1, and ID 
Feel fer curve 2 r 

At wfiSM a satisfactory radio ground for 160 and 
BO meter operation ia made to a convenient copper 
cold water pipe, the house plumbing then being 
connected to ground rods at each end of the 
residence * 

if you are fortunate enough to have a yard 
sprinkling system coosisting of copper pipe aod 
soldered fittings, it will serve as an excellent 
ground, within the limits imposed by soil 
conductivity. Iron water pipe in the ground or in 
the house makes a poor ground connection because of 
the glue-like insulating material smeared on the 
joints before the pipes are connected* 

Length of the Ground Connection Wire 

An effective electrical ground can be ruined as a 
radio ground by an overly long ground connection 
wire, A rough rule-of-thumb for an effective radio 
ground wire length is that the Length in feet should 
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pot he longer then one-tenth the operating frequency 
ip maters. For example, a ground wire for 1EQ meter 
operation may he up Co IS feet long, but a ground 
fpr 20 motors should be less than 2 feat long! 
This impose? a major restriction on the user as it 
ia impossible to achieve short ground leads in most 
amateur ins te1 la tions« 

Thu necessity for a short ground lead is brought 
about by the fact that any wire has reactance 
(resistance to the flow of radio energy). Wire 
reactance can be reduced by shortening the wire, and 
using a wire having a large diameter. If the radio 
ground lead reactance is too high, the wire acts as 
a high impsdance circuit, isolating the equipment 
from true ground.I 

Tire situation is even worse if the station 
equipment is located on the second, or higher, floor 
of a building. Bow is a good radio ground obtained 
ip this case? 

The solution to the problem is to place the 
ground connection at the antenna site instead of at 
the station. Either a direct ground connection or an 
artificial electrical ground can bo used at the 
feedpoint of the antenna. All that is required at 
the station is an electrical ground for shock 
prevention, J fhis connection can be made to the 
ground wire of the electrical system, or to a topper 
told water pipe* Other ground connections ere 
discussed later in this chapter, 

The Series“tuned Ground Load 

An effective technique to electrically place a 
far away ground point directly at the radio 
equipment is to use a series-tuned ground lead 
(Fig.BJ, This circuit, when properly adjusted, 
reduces electrical ground lead length to virtually 
tero. An inductor and variable capacitor are placed 
in series with the ground lead at tho equipment. The 
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Ground 

Fig. 5 Tne series-iuncd ground lead. Inductor and variable capacitor are 
con netted in series a nd tu ned for ma*i mu m ground currenl during (ransntll- 
leroperalion. Preliminary adjustment can be mactd With Equipment oN nnd 
dip Oscillator coupled to coll. Capacitor and Inductor arc adjusted for 
resonance indication at operating frequency. Indicator bulb Is shorted Out 
allfir adjustments ere cpjri p letcd. 

capacitor is adjusted to provide series resonance of 
the ground lead at the Operating frequency. 
Resonance is now established by placing an rf 
thermocouple ammeter in the ground load and 
adjusting the capacitor for maximum ground current 
during transmission. Ef a thermocouple meter is 
unobtainable, a 6-2 volt, 3*& ampere lamp (Chicago 
1133, or equivalent) will do the job for a medium 
power transmitter. Once resonance has been 
established, the bulb for footer) is shorted out. 

The ground circuit is tuned to the operating 
frequency and if this is varied, the circuit will 
have to be retimed. If operation On several bands is 
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desired, a tapped coil must be used to allow circuit 
flexibility. 

This technique is especially effective if the 
antenna term!nates at the transmitter, as in the 
case of the Marconi, and the radio ground Connection 
raust be made at that point. 

The Artificial Radio Ground (Radial Ground Wire) 

The radia L ground wire {sometimes called a 
counterpoise) is a simple artifical rf ground that 
is very effective at placing the radio equipment at, 
or near, actual earth ground potential.lt may be 
used alone, or in conjunction with another ground 
connection. Sometimes On tho higher frequency bands 
(10 or 15 meters, for example) it is difficult to 
get a good ground and the operator finds the 
transmitting equipment Is "hot". He ray even get 
"bitten" by rf that appears on the microphone J The 
radial ground wire will cure this annoying problem. 

In its simplest form, the radial ground is an 
insulated wire a quarter-wavelength Long at the 
operating frequency. One end is connected to the 
ground terminal of the transmitter and the opposite 
end is left free* The wire is led away from tha 
transmitter in a random direction, either outdoors 
or indoors (Fig. 9). The far end of the wire is 
taped tc prevent contact, as it may he "hot" with rf 
energy and could cause a rf burn to anyone 
unfortunate enough to touch it while the transmitter 
is operating. 

As the radial ground wire is resonant, it 
functions only on the band for which it is cut* 
However, several radial wires cut to different bands 
may be attached to the transmitter ground terminal 
for multiband operation. 

Placement of the radial wire is net critical. It 
is usually run In the horizontal plana, along the 
floor of the radio room tacked against the wall, or 
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Fig. 9 □peraticm at Msrconl or any CrtCMed antenna Is improved whan a 
radial ground whs is used along wllh aground □onnecliun. A Sing It radial 
wifa IS needed for each bend of oparalion. Wirt is cut Id quarter-wave 
resonance. (Radial length foMGO mtters Is 132 feet; for BO mater*, 65 fed 
and for 40 meltrs, 33,5 leet. ) Drawing courtesy of "Wire Anlennas", Radio 
Publications, Inc.) 

perhaps oLit the window and along the wall of the 
house, for the lower frequency bends, where the wire 
is quite long, it can be run through bushes and 
around the vard r a few inches -above the ground. 

The Ground Radial System 

An outgrowth of the radial wire is a ground 
radial system composed of a number of wires run 
radially out from tile transmitter or the antenna 
site. The wires may be buried a few inches in the 
ground/ nr ran above the ground surface. Broadcast 
stations, which pay dearly to obtain the best 
possible ground system, generally run out ISO wires, 
each a quarter wavelength long, from the base of the 
antennaj the radials are spaced radially 3 degrees 
apart. When properly Installed this provides a 
ground System with a resistance of 1 ohm, pr less. 
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Such a comprehensive ground system is beyond the 
ppckefcbook of most amateurs, cut the idea is a sound 
one. It must be emphasized, however, that ground 
losses decrease as the numher and length of rad sals 
increase. Experiments have indicated that a ground 
radial system consisting of 50 above-ground radials, 
0,2 wavelength long, fanning out from the antenna 
base, provides a good ground system with an average 
resistance of under 5 ohms. A more modest 
installation conaisting of about 15 radials, CM 
wavelength long, has higher resistance but has 
worked well for many amateurs. Such a system, when 
tied in parallel with one or more ground rocs, is an 
inexpensive, easily installed ground. The radials 
can be laid atop the ground, or buried a few inches 
by Slitting the soil with a "Ditch Witch" trencher, 
available on a rental basis from many home 
improvement centers. Burying the radials does not 
improve the efficiency of the system, it merely 
prevents people from tripping over the wires. 

To combat corrosion caused by acidic ground 
water, neoprene coveted aluminum wire is recommended 
for hurled radials. 

The Ground Screen 

Experiments Conducted by Arch 3oCy, Jr, (K&CFCJ), 
John Fray (W3ESU), and Harry Wills (kAHUfr described 
in the 1963 bulletin of the "Radio Club Of America" 
have shown that the traditional ground radial system 
Composed of a number of buried or surface wires can 
be equalled or bettered by the use of an elevated 
ground screen situated about 6*5 feet (2m) above the 
earth *e surface.(Fig* 10). The screen is composed of 
a number of radial wires, connected together at 
their extremities, running parallel to the ground. 
Ground screen efficiency is high as resistive losses 
ate low, and the screen shields the antenna return 
currents from the poorly conducting ground beneath 
the screen. The earth currents which normally return 
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Fig. io ideal ground screen consists of sa insulated wires run radlaify out 
from vertical antenna base- Wires are connected logelher at their outer and 
inner tips- If passible- redial screen should he elevated. although good 
results have been obtained with screen lying on the ground, or burled Just 
below the surface. Each wire Is 0,2 wavelength long. 
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to the antenna through the ground now enter the 
ground screen instead of the Lossy earth, A ground 
screen composed of 50 insulated wires about 0,2 
wavelength long fanning out from the base of the 
antenna makes a radio ground as effective as 120 
buried radial wires. 

Even though the ground screen takes up 
considerable real estate and is cumbersome to 
install, it is sometimes used an the 30 and 160 
meter bands by DJI-minded amateurs having vertical 
antennas. 

ft Practical Ground Screen 

Experiments have been conducted with a wire mesh 
screen laid on the ground instead of Suspended 
overhead., Robert Sherwood, WaC-JGP, ran experimCFits 
on a 26 foot (11 ml high aluminum tubing vertical on 
l.S, 3+6 and 7+2 HH z * Various shapes and sizes cf 
ground screen under the antenna were tested to find 
a combination that provided a low loss, ground 
return circuit. 

One of the best systems tested consisted of two 
lengths of chicken Wire laid out under the antenna 
in a form of a cross, with the antenna at the center 
of the cross. One length of chicken wire was 45 x 2 
feet (13.7 x 0,6 m] and the other was only 30 x 2 
feet (9 X 0.6 m) because of space restrictions, 

when compared to a theoretical antenna over 
perfect ground this wire installation provided a 
feedpoint resistance of 40 ohms on 4Q meters, 9 ohms 
an 30 motors and 2 ohms on 160 meters. Antenna 
efficiency was 67 percent On 7.2 KHz, 62 percent on 
3,6 MHz and 25 percent on 1*3 MHs, 

The efficiency figure on 160 ineters is not 
spuctacular, but in order to raise it an appreciable 
amount a more complex ground system and higher 
antenna are required. Top loading would be of 
benefit, as would increasing the size of the ground 
Screen, 
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Fig. 11 Ground plans radiate provide "radio ground" at the base of an 
oleveted vertical antenna. Radiate are re&o-nan! at the operating frequen¬ 
cy. If a sufficient number of radiate arft used, no radiation takes piece from 
them. A minimum of ItineO radiate Is required and some amateura prefer 
as many as six radiate. 

An additional. aspect of wire screening is that 
it may be added to an existing ground radial system 
at Little cost and effort* 3t also nakes a good 
installation for a portable or Field Day site* 

(This ground screen system is fully described in 
the May, 1977 issue of "Ham Radio" magazine.1 

The Resonant Radial System 

The resonant radial vertical antenna (popularly 
called the ground plane antenna) provides its own 
radio ground at the base of the antenna by virtue of 
quarter-wave r tuned radials run out in a horizontal 
plane beneath the antenna (Fig, 11], If a sufficient 
number of radials are used, no radiation takes place 
from them, A radio ground paint is thus established 
at the base of the antenna where it is needed. 

As the radials form a tuned system, they must he 
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isolated from ground and nearby metallic Objects, 
The radial tips are "hot* with rf energy and should 
not be touched during transmitter operation* 

In order to preserve tho Omni^directivity of the 
ground plane antenna, a minimum of three radials is 
required, Some amateurs prefer as many as aix 
radials And most- manufactured antennas have four 
radials, AS long as there are three or r&oro , the 
exact number of radials is unimportant when the 
antenna base is well clear of the ground. 

Ground Loss Under the Ground Plane Antenna 

Tests were run hy Willy Sayer, WAGGAN, on a 7 
MHz ground plane whose radials were 3,5 feet (1*1 ra) 
above ground* An overall efficiency of 62 percent 
was measured when four radials were used, indicating 
about IB percent of the output power was dissipated 
in ground loss, when the number of radials was 
Increased to eleven, antenna efficiency increased to 
about SO percent. Finally a total of 22 radials 
brought antedna efficiency up to over 50 percent. 
These results show that a large number of radials 
are required when a ground plane antenna is mounted 
close to the ground. 


Sloping Radials 

itfben the radials lie in the horiisontal plane, no 
radiation takes place from them and the feedpaint 
resistance of the antennas is about 3fj ohms. If the 
radials ere sloped downwards (to act as supporting 
guy wires fgr the installation, for example), they 
begin to radiate as antenna sections and the 
radiation resistance of the ground plane antenna 
increases. When the radials slope downwards at an 
anglq of about 30 degrees from the horizontal the 
fbedpoint resistance of the ground plane artt&nna i? 
a good match to the popular 50 ohm coaxial 
transmission line (see chapter &)* 
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The Radio Ground “-The Final Word 

Ground system losses dissipate a portion of the 
transmitter power, reducing the field radiated from 
the antenna* The losses are equivalent to the power 
dissipated in a fCSJStor in series with the antenna 
radiation resistance* Local ground conductivity data 
is rarely available so the best possible ground 
system should he used with the vertical antenna* 

George Rrown of broadcast antenna fame summed it 
all up in 1537 when he said, "TOO much emphasis 
cannot he given to the fact that, where direct field 
intensity along the ground is the sole aim, the 
ground system is of wore importance than the antenna 
itself*" 

With regard to the higher frequency bands, where 
antenna size is relatively small, ground loss can be 
reduced by raising the vertical antenna and using a 
resonant radial system (ground, plane) Clear of the 
earth. This decreases the influence of the earth 
under the antenna end is the reason why three or 
four radials are sufficient for hf and vhf ground 
plane antennas mounted a haIf-wovelength or more 
above the earth* 

Because the ground plane technique avoids most of 
the problems associated with a direct ground 
connection, it is a simple end practical device that 
can be used With success by radio amateurs on the hf 
□nd vhf bands* More about this popular antenna in a 
later chapter* 

Summary: a ground screen is better than radials 
placed on. Of Just beneath,the surface of the 
ground, Radials are better than multiple ground 
rods. Longer radials are better than shorter ones* A 
lot of radials are better than a few. Multiple 
ground rods ere better than a single ground rod, And 
a single ground rod is better than nothing! Resonant 
radials are discussed in chapter 5, 


Chapter 3 


Practical Marconi Antennas 


Marconi found early in his experiments that if he 
grounded one terminal of his spark oscillator and 
connected the other to a vertical wire his radio 
range was greatly extended. He discovered that his 
antenna worked best when the length was a function 
Cf the wavelength of the transmitter. His tuning 
system was rudimentary and he probably did not 
comprehend what most amateurs understand today: any 
length of wits can he resonated to any frequency 
provided the correct tuning system is used. 

The "J'lirror effect * of Ground 

The fundamental antenna building block is the 
half-wave dipole, and most horizontal antennas ate 
made up of half wave elements* However, the vertical 
antenna -can take advantage uf the ground which acts 
AS an electrical mirror. If a quarter-wave vertical 
antenna is used, the mirror-effect makes up the 
missing quarter wave portion as shown in Chapter 1, 
Fig. 3, This is the basis of the Marconi antenna* 

The current distribution in a quarter-wave Marconi 
antenna resembles that in half of a dipole, that is, 
f fiininum value at the free end and o maximum at the 
base, or feed point. The rf voltage on the antenna* 
On the other hand, is a maximum value at the end and 
a minimum at the base. 
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Fig. 1 ElCClrtCal chajsctEilstlcs Ql anltnna can bE visualised as register In 
sojlEa with read®ned. The resistor represents J he radialion resistance and 
Ihe reactance repisaents Ihe capacitive or Inductive Characteristic of the 
antenna. For a resonant anlennE, Ihe reaclants Is zero. 


Radiation He si stance of an Antenna 

The radiation resistance (R} at a point in an 
antenna can de described as the eatin of the voltage 
field about the antenna (E) divided by the current 
flowing in the antenna fl). Or, in terms of Ohm's 
Law, radiation resistance, R=E/I, At the high 
current foedpeint of the Marconi, antenna. Ohm's law 
shows that the radiation resistance ia low* As an 
example, a quarter-wave vertical Marconi antenna 
above p-erfeet ground exhibits a radiation resistance 
half the value of ft dipole, or about 36 ohms* Values 
of radiation resistance smaller than this figure fire 
recorded for shorter antennas, and greater values 
are measured for antennas somewhat longer than a 
quarter wavelength, When the radiation resistance is 
measured at the feedpoiht of the antenna it is 
called 11 feed point resistance". 
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The "Radio Ground" 1 

Illustrations and discussions in this and 
following chapters refer to a '’radio ground". This 
describes a ground termination for the antenna. It 
is usually located at the base of the vertical 
antenna and may consist of ground rods, radial 
wirea, a ground screen, or a combination of all 
three. Refer to chapter 2 for a discussion of ground 
connections* 

Antenna Reactance 

Unless the antenna is resonant, a quality called 
"reactance" is found at the feedpoint. Reactance ia 
the inertia offered to the flow of rf current 
through a coil or capacitor that plays a part 
Similar to resistance in a do circuit. Reactance ia 
measured in Ohms, just as in the case of resistance. 
The amount of reactance at the feedpoint of an 
antenna is a function of antenna length and 
diameter* when the antenna is shorter than 
resonance, the reactance is negative (capacitive} 
and, whon longer, reactance is positive (inductive). 
At antenna resonance, reactance is zero. 

At frequencies near resonance, an antenna can be 
considered as a circuit consisting of a resistance 
and reactance in series (Fig. 1). To establish a 
match to the transmitter or to a coax line, the 
antcnnfl reactance must be cancelled by an equal 
reactance Of the Opposite sign. This is accomplished 
by the addition of an external network to the 
antenna circuit. The network may be as simple os a 
loading coil or as complex as an impedance matching 
tuner. 

The Quarter-wave Narcani Antenna for the Low Bands 

A good Marconi antenna for the lower frequency 
amateur bands consists of a quarter-wavelength wire 
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Fig. 2 Radiation resistance and rea ctan cc at sntenns&re a fUflClion of anten¬ 
na length and diameter. The shorter the antenna, Eha lower the radlsllon 
resistance end the higher the loss due to ground resistance. 

used with a ground terminetion, Its main virtue is 
that it is cheap and easv to erect and its main 
disadvantage is that it is subject tc high ground 

losses unless carefully installed, 

Em practice, the wire nay be any length from a 
small fraction of a wavelength to many wa ve 1 eng the , 
and Still be classified as a Marconi antenna. 
Radiation resistance and reactance of a Harcarji 
antenna are a function of length as illustrated in 
Fig. 2 t and it is easy to see that the shorter the 
antenna, the !we? the radiation resistance and the 
higher the loss due to ground resistance* 

A Marconi antenna for the lower frequency amateur 
bands is shown in Fig- 3- Tha far portion of til* 
antenna may run parallel to the earth to reduce 
overall antenna height* Only the Vertical portion of 
the antenna provides low-angle radiation. The 


PRACTICAL MARCONI ANTENNAS 


61 


INSULATOR 


INSULATOR 



A OPE 


RADIO GROUND 

Fig. 3 A Simple wire Marconi antenna far the low frequency ZuitdlfrUr bands. 
Only the vertical portion of the antenna provides Igw-engle radiation. 
Horizonte! porticn provides some high angle, horimnlally polarized radia¬ 
tion. Antenna should be suspended sc that horiEGnlal portion Is 2D to 5D 
feel above ground. 


horizontal suction provides sene horizontally 
polarized, high angle radiation but because the 
current in this portion of the antenna is low, 
radiation is also low* 

As the horizontal portion of the antenna 
increases at the expense of the vertical suction, 
the radiation resistance of the antenna decreases, 
5,s it is a function of the ratio of the vertical 
height to the operating wavelength, 

A simple installation is a quarter wavelength 
Wire suspended 20 to 50 feet (6 to 15 m3 in the air. 
The radiation resistance is of the order of 10 to 15 
ohms and average ground losses bring the feedpoint 
resistance close to 25 ohms. The antenna can be 
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Fij. 4 A practical Marconi antenna with matching system lor 1G0 meter 
operation. Ante nns reaonan« ts established wl| h Strips Ind uctor and match 
i£ adjusted with Shunt-connected Mil, 

matched to a GO ohm feed System by a simple network 
which consists of the antenna itself plus a shunt 
coil across the feedpoint, The antenna is cut 
slightiy shorter than resonance to provide a degree 
df capacitive reactance, and the shunt inductor 
cancels this reactance. This action provides an 
equivalent circuit with a feed point resistance oi 
50 ohms. 


A Practical ISO Meter Marconi Antenna 


A 160 meter version of the basic Marconi antenna 
has a passband between the 2-to-l 3 WR points as 
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jneagured on the con* feedline of about 70 kHz, That 
ie^ when the antenna is adjusted for 1965 kHz, it 
will provide low 3WR over the range of about 1930 to 
2000 kHz (Fig.4), The natural resonant frequency of 
the antenna is higher than normal (about 2,02 MHz.) 
apd is lowered in frequency by the addition of a 
series-connected loading coil [ RESONATE:} at the 
feedpoint of the antenna. Antenna resonance can he 
established down to 1600 kHz with this coil and 
impedance matching is accomplished with shunt coil 
(HATCH), 

Antenna adjustment is simple and rapid. The 
feedline is disconnected from the antenna and a two 
turn coil between antenna feedpoint and ground is 
temporarily installed instead of LI, A dip meter is 
coupled to the coil. The frequency of the dip meter 
is Checked in a nearby receiver. The loading coil 
1 RESONATE) is adjusted for resonance at 1965 kHz and 
the coil LI is replaced in the circuit* The Shunt 
coil (MATCH) is now adjusted far lowest StoR on the 
coaxial line to the transmitter. The coil settings 
are logged and the transmitter moved lower in 
frequency by 25 kHz. Resonance is again established 
by adding turns to coil L2 and the new coil setting 
logged. (The setting of coil Li may have to be 
adjusted Slightly.) This process is repeated at 25 
kHz intervals down to 16DQ kHz, Finally, a tuning 
chart is cade to permit quick frequency changes. 
Once a particular resonant frequency logging has 
been established for the antenna, frequency 
excursions of up to plus or minus 25 kH?. may be made 
from this point with no adjustment to the inductors, 

Ac pointed out in the previous chapter, it is a 
good idea to decouple the transmitter from the 
equipment ground by Winding the power cord of the 
Unit around a ferrite core. This makes the radio 
ground do its job and reduces the chances of HFE and 
Tyi caused by unwanted coupling between the 
transmitter and the power line. 
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Frg. 5 The folded Marconi antenna provides feedpolnt resistance StCp-up 
by 9 factor o t four, Thia antenna llSVliag a TCcdpoint resistance of 15 ohma 
will have avaluc Of GO Ohms whena Iwo wire arrangement is used. Second 
wire fs grounded aTthefeedpginL AntOnna may he made of TV “ribbon line" 
it velocity o< line Is- taken into consideration as Shown In drawing (B}. 
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Tile Folded Marconi Antenna 

A good way to make the Marconi antenna less 
vulnerable to ground resistance is to raise its 
fsedpoint resistance. This can be done by making the 
antenna out of two equal-length, closely spaced 
guarter-wavelength wires connected in parallel at 
the far Chd (Fig- 5AJ-. Antenna current is divided 
between the wires when one is £cd and the other 
grounded at the feedpoint. The feedpoint resistance 
af the combination is increased by a factor of four 
over a single wire. Thus a 15 ohru. Marconi antenna 
will have a feedpoint resistance of 15x4*60 ohms 
when Che two “-wire antenna is substituted for it. 
This is a good design to use if the height above 
ground of the horizontal portion of the antenna is 
small. 

The "Ribbon * 1 Folded Kareoni Antenna 

The folded Marconi antenna can be nnde of a length 
of TV "ribbon line" if the velocity factor of the 
line is taken into consideration* For IDO ohm flat 
line, the factor is 0.B2 and this portion of the 
antenna £L2) is made of tv ribbon line, with the 
remaining section (L3) consisting of a single wire 
tFiq, Sal* Representative antenna dimensions for the 
lower frequency amateur bands are shown in the 
illustration. 

The Extended Marconi Antenna 

Another technique: used to boost the radiation 
resistance Of the Marconi antenna ie to extend the 
1 length beyond a quarter-wavelength. Two lengths that 
work well are 0.28 and 0.31 wavelength. The first 
length provides a close match to a 50 obn co-ax line 
and the second to a IS ohm lino* Both designs 
require a series tuning capacitor to cancel the 
inductive reactance, and to establish antenna 























VERTICAL ANTENNAS 


66 


TO XMTR 
AND 5WR 
METER 


-c 


B 


F 


Q.2Q\ = 


0.3 Ui 


2&2 


/(MHz} 

290 

/(MHz] 


FREO 

L 

50 OHMS 

RADIO 

GROUND 

70 OHMS 

C(p 

(MHz] 

L 

L 

1APPR 

1.S5 

141.6 

156.3 

509 

1.95 

134.4 

148.7 

503 

3.60 

72,0 

80.6 

300 

3.00 

69.0 

76.3 

300 

7-10 

36.9 

40-9 

TOO 

10.1 

26-9 

20.7 

110 

14.1 

18.0 

20.6 

76 

13.1 

14.5 

16,0 

60 

21,2 

12.4 

13.7 

50 

24.9 

10.5 

11r7 

45 

20.6 

9.2 

10.1 

35 

29.2 

0.0 

3.9 

3D 

5D.1 

5.2 

6.3 

25 


(FEET X 0.3048 w METERS) 


Fig, 6 Extende-d Marconi Srtlenna is longer thfBn a quarter-w&voren£th. 
Length IS Chosen so be to malch elllter J1 50 or 7& ohm coax line. Series 
capacitor lunes out Inductive reactance of antenna. 
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Fig. 7 TOb extended, folded Marctmi antenna provides high atep-up alfaed- 
point resistance. Unied wire Is no! grounded. If all ol the antenna Is ver¬ 
tical, the feed point reai stance is about 145 ohms. 
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resonance. The capacitor Sotting and antenna length 
are adjusted for lowest value of EWR on the line 
from antenna to transmitter* Fig* 6 provides topical 
antenna dimensions for the hf bands. 

Both af these extended antennas are very 
effective And their use is recommended provided a 
good ground is used and enough real estate is 
available for installation. 

The Extended, Folded Harcnni Antenna 

A folded version of the extended Marconi antenna 
is shown in Fig. 7. The antenna is 0*375 wavelength 
long. Notice that the unfed wire is not grounded, as 
13 the case with the shorter, folded antenna design* 
Because the currents in the two wires are not equal 
at a given distance from the feedpoint, use of tv 
ribbon lihe is not recommended* A practical design 
consists of two no. 12 wires or aluminum tubing, 
separated by 3 inch (7*$ cm) insulating spacers, 
Feedpoint resistance of this antenna is about 145 
obits if the whole antenna is vertical, dropping to 
about GO to BO ohms, depending upon the ratio of 
vertical to horizontal length. Because of the high 
feedpoint resistance, this antenna is recommended 
for use in areas with high values nf ground 
resistance. A matching transformer can be used at 
the base of the antenna, or a Transmuted at the 
station end of the line will reduce the system SWJl 
to a small value. 

The Very Short Marconi Antenna 

In some cases is is impossible to put up a 
full-size Marconi antenna and a shorter version is 
required. There is nothing wrong with this, provided 
the user understands the tradeoffs involved* As the 
Marconi is shortened below quartcr^wave resonance, 
the radiation resistance drops rapidly and 
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capacitive {negative) reactance increases {see Fig. 
2 ], Reducing the antunnU size to One-eighth 
wavelength, for example, drops the feedpojnt 
resistance from 36 ohms to a value of about 3 ohens. 
rffte capacitive reactance increases from zero to 
□bout -400 Ohms, the exact value depending upon 
conductor diameter* when the reactance is cancelled 
out, the same value of ground resistance provides a 
loss about two and a half times greater than that 
realized with a full siae antenna, it takes a very 
good ground system and an efficient matching network 
Co make a short Marconi antenna work as well as a 
long one. Nevertheless, a short antenna can he very 
useful if nothing else is available. 

Making the Short Antenna Work 

To resonate a short Marconi antenna, the missing 
portion of the antenna takes the form of a loading 
COil, or inductance, placed in series with the 
antenna* Ideally, the cail should be air wound, or 
wound on a ceramic form, And be inclosed in an 
insulating, waterproof container, 

A desirable goal of loading is to increase the 
effective length of the antenna carrying the 
greatest portion of the current. A loading coil can 
be placed at any point in the Antenna but is most 
effective when it is placed at, or near, the center 
pci nt* 

When the coil is placed near the feedpoint of the 
antenna, current through the coil is high ana coil 
losses are correspondingly high. The greater the 
distence of the coil from the feedpoint, the lower 
the current in the coil and the lower the ceil 
losses, but the larger the coil must be to maintain 
resonance* Theoretically, if the coil wore located 
at the end of the antenna, it would be infinite in 
size. As a result, d compromise between coil sizu 
and loss indicates placement near the center point 
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Fig, S Center loaded element makes short antenna practical. Data Is given 
far all high frequency bands. Design frequency to t each band Is Indicated, 
Adjusting lop section of anlenna or number of toms In loading coil will move 
design frequency higher or tower In the bend. Base shunt coll provides I m. 
petfnnce match to 50 or 75 ohm coax line. 


* * * * 


of the antenna. For mechanical reasons, however, 
the coil is often placed at the base of the antenna 
with -good re suite. 

Shown in Figs. G and 9 are coil“loaded antenna 
designs for the high frequency bands that allow the 
user to build a Karconi antenna of moderate size. 
Element diameter is 1-indh (2.54 cm). A larger 
diameter element requires slightly less inductance 
in the loading coil, whereas a smaller diameter 
element requires more inductance. Feedpoint 
resistance of these antennas is quite low and they 
are matched toe 50 or 75 obn coax line with a 
simple L -network watching coil, as described 
elsewhere in this handbook* 

Building a Coil-loaded Antenna 

A popular and practical mechanical design for a 
coil“loaded vertical antenna is shown IN Fig, 10* 
Ihe lower section of the assembly is made of 
sections Of a heavy-duty > TV-type '’slip-up" mast and 
the top section above the coil is made up of lengths 
of telescoping aluminum tubing. The antenna is held 
in position by three guy wires attached just below 
the loading coil. 

Coil construction depends upon size. The assembly 
must be rugged as it supports the antenna section 
above it, A practical design makes use of a section 
of PVC plastic pipe which forms a connection, between 
the two antonna helves, rt may have to be shimmed to 
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Fig. T 1 Lfljitlingcair for small aMOnnaeart be mado of aEr wound SlOCk sup¬ 
ported by insulating discs ceniEiited to a tauter support rod. Heavy cop* 
per wire OF strop makes eonflfrCtlona between COlf and antenna sections, 

maks a glove-f it to the sms L Id r-di ame ter top 

section. 

An alternative design is to use an air-Wound 
coil supported by home-made insulating diacs that 
are cemented to n center phenolic red* The roc is 
drilled Ld fit the antenna sections, as shown in 

Fig* 11 + This is a good arrangement for mobile 

antennas, but can be modified for larger fixed 
station antennas as well. 

When the loadinq coil is completed, it must be 

given a protective coat of clear polyurethane or 

other liquid plastic. Connections batween the coil 
and the antenna sections are niece by short lengths 
of heavy copper wire or strap. 

The antenna is now adjusted to the operating 
frequency by placing a two turn loop of wire between 
the Eleedpoint and ground, A dip mecer is coupled to 
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Fig. 12 Sloping loading VrlrbS add electrical length to short vertical flrtlon- 
ita and also provide capacitive loading. Wires are intarconnetted at mid¬ 
points and the ends. 
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the coil and the top section of the antenna is 
varied in length, or the number of turns on the coil 
adjusted, to achieve resonance* 

The Top-loaded Vertical Antenna 

An interesting fotcti Of top-loading that does not 
require a coil is shown in Pig. 12. Sloping loading 
wires add electrical length to the vertical antenna 
while also providing capacitive loading* both of 
which lower the natural self-resonant frequency of 
the antenna* The wires are interconnected at the 
midpoints and the ends. Multiple loading Wires can 
be Used to advantage to serve as guy wires for the 
vertical Section. Optimum length of the loading 
wires will vary from one installation to another and 
wire Length will have to be determined by user 
experimentation, 

A Compact Top Hat Antenna for 160 Meters 

Shown in E'ig, 13 is a compact, 26 foot (3.53m) 
high, top-loaded vertical antenna. With changes in 
the matching network, it will also work on 30 meters 
as well as 160. 

The antenna consists O'! three sections of 
aluminum tubing, ranging from 2.5 inches £63.5 nun) 
diameter at the base to 1.625 inches (41,3 mm) 
diameter for the top section. A short top mast 
section made of 1-inch (25.4 mm) diameter tubing 
provides support for the top hat guys. Sections are 
shimmed and bolted to establish a firm Git. 

The top hat is 12 foot £5.21 m) in diameter and 
consists of a 12-inch (30 on) diameter aluminum 
center plate with six outriggers, guyed to the top 
of the mast. The hat is mace of lengths of 1/4-inch 
(6.4 min) diameter tubing formed into throe arcs, 
connected to the mast with 1/2-inch £12.7 ma) 
tubing * The hat requires six Outriggers spaced 5D 
degrees apart. 
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Top Hat Assembly 

The top hat is made up as a separate assembly. 
The radial arms ate bolted to an aluminum center 
disc which is drilled to pass the antenna. It iu 
attached tn the antenna by an aluminum fitting 2” {5 
cm} high with a wall thickness of 0,5" [1-3 cm). It 
is machined tn glove-fit over the antenna. 

The top mast is attached to the top of the 
vertical section and aluminum fence wire is run Ercoi 
it to the end of each outrigger to add rigidity to 
the top hat. The antenna is guyed near the top by 
three guy wires, broken up with strain insulators 
placed at 6 foot (2.4 ffl) intervals. 

Input resistance at- resonance of the antenna is 
about 5 ohms* It is matched to the feedline by means 
of an L-network of the type discussed in chapter 4, 
{This antenna is based on an original design by 
Jerry Sevick, W2FMI, shown in tbe January, 
issue of “'[JST" magazine). 

The Helically Loaded Vertical Antenna 

Resonance can be established at a given frequency 
by the use of a short, helically-wound element {Fig. 
14). Treated bamboo poles, PVC plastic tubing, or 
fiberglass quad antenna spreaders, can be used as a 
form on which to wind the helix* Diaaotor of the 
helix must be small in relation to length end A 
practical design makes use of A one inch (2b, 4 mm) 
winding form, ft helix length of about .05 wavelength 
or more provides gCod results as a substitute for a 
full-size quarter wavelength vertical antenna* 

The amount of wire required for the winding 
depends upon helix length and pitch (turns uer 
inch}. In general, a half-wavelength of no. 14 
Formvar“Coated wire is spirally wrapped on the form, 
with turn Spacing approximately equal Lu the wire 
diameter. This amount of wire will approximate a 
quarter-wave resonance. 
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fig. 14 Helix antenna for 160 meters is wound an tspered form. Small top 
hat is used tb prevent high voltage corona discharge irom lop of theanlonru. 

In order to prevent any high voltage corona 
discharge, a 12-inch (30 cm) diameter wire top hat 
is attached to the helix* Antenna resonance CAn be 
adjusted by varying tbe size of the bat, or by 
adding a small extra inductance at the base of the 
antenna, 

Hefore weatherproofing, the helical antenna is 
mounted in place, with the ground system installed. 
A dip meter is connected to a two-turn loop placed 
between the feedpoint and ground. Antenna resonance 
is determined and a few turns arc added or removed 
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Fig. IS Inexpensive base-loaded t£0 meter vertical antenna uses section 
of aluminum krlgallan luting. Teps an loading coll allow adjustments for 
resonance and impedance matching, 

from the top of the helix until the antenna is 
resonant at the desired operating frequency, 

Feedpoint resiStance Of A helical antenna is 
quite low, of the order of 5 to 10 ohms, depending 
upon helix length. An L-network, of the type 
described in chapter 4, can be used to match the 
antenna to a 50 ohm transmission line. 

When the antenna is completed, it should be given 
several coats of spar varnish to weatherproof the 
antenna and to hold the helix turns in position* 
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A Base-loaded vertical for 160 Meters 

While a center-loaded vertical antenna provides 
Higher efficiency than a hase loaded one, a simple 
base-loaded antenna is unobtrusive and inexpensive 
to build and erect* The antenna is designed by Ed 
Marriner, wfiXM, and described in the August, 1930 
issue of "Ham Radio" magazine. 

The antenna consists of a 32 foot (9*B uO section 
of 2-lncb [SD*a mm] diameter aluminum irrigation 
tubing supported on a post sunk into the ground. The 
assembly of the antenna is shown in Fig, IB, 

Antenna resonance is established by a loading 
coil placed at the base of the antenna. For highest 
efficiency, it is wound with 3/16-inch [5*0 mm] 
diameter copper tubing* A 4-inch (L01.E mm} diameter 
section of water pipe is used as a mandrel. The coil 
has 40 turns. 

A support is made for the coil from three pieces 
of plastic 1-inch {25,4 nm] wide. The supports are 
long enough so that holes drilled in them separate 
the coil turns by about the diameter of the tubing. 
After the coiii is wound, the pieces are threaded 
onto the coil and fastened in place with epoxy 
cement. 

Antenna adjustment is accomplished by shorting 
the antenna and loading coil to ground via 3 two 
turn coil. The loading coil turns are adjusted for 
resonance with a dip meter. Wide copper straps arO 
soldered to the coil once the proper taps are found* 
The transmission line is tapped near the ground end 
of the coil and the point adjusted for lowest S^B on 
the transmission line. The tap point will depend 
Upon the resistance of the ground system, but will 
be about four turns from the bottom of the coil. 

The ant*nna uses five radials about 30 feet (9,1 
m) long, laid upon the ground, plus an &-fcot (2.4 
m.) ground rod at the base of the antenna* 























a? 


VERTICAL AffTENNAS 


ft Large Vertical for 16 D and 80 Meters 

This OX antenna for the Low hands is described by 
EJarry Eiyder, W7tV, in the May* 1975, issue of "Hat, 
Radio" magazine (Fig. 16), Overall height is 91 feet 
(27.7 it) and consists of a 7C foot (21,3 m) aluminum 
lattice tower surmounted by a 21 foot (6,4 m) whip. 
It is 0,347 wavelength on SO meters and 0.166 
wavelength on 160 meters. Sixteen radials 125 feet 
(30,1 m) long are buried in shallow trenches about 
the antenna, Ihe input resistance of the antenna 
(including ground resistance) is about 14 ohrfLS on 
160 peters and 107 ohms On 60 meters. 

The aluminum tower is II inches (27.9* cm) on a 
side and weighs about 100 pounds. It is guyed at two 
Levels with three guy wires, broken up with egg 
insulators, 

An inductor of about 14 microhenries tunes the 
tower to L,8 mHz and the feedline is tapped on the 
Lower end of the coil to provide a good match to the 
coaxial feedline, 

ft 300 pF variable series capacitor resonates the 
antenna to the 60 meter hand and band change is 
accomplished by a remote-control relay. 

The SWR Is below* 1,3-to-l across the 80 meter 
band and below 1.5-tO-l from 1.3 to 1,9 M6z, 

A Top-loaded Marconi for 60 Meters 

This unusual top~loaded antsnna is hung from a 
branch of s tall tree. It is designed by E’enry 
Elwell, W2KB, and is described in the September, 
1971 issue of "Ham Radio" magazine. 

Installation of the anterma is shown in Fig* 17, 
A rope and pulley placed at the 65 foot (19*0 m] 
elevation in the tree simplifies the antenna 
installation. 

The top disc is made of two 6 foot (1.6 m) 
lengths of light 'wood Strapped in the form of a 
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P'g. 16 DX vertical anlcrma Operates on both ftO and 1 EG meter bands. A 
21 Coot Whip is mounted to top of llghlduly, 70 fddl guyed aluminum lower. 
Adjuelshle base network provides Ewn-band operation. To wer Is guyed at 
two levels for besl stability In heavy winds. 
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FIS. 17 Tree-supported EG meter vertical antenna is loaded 10 hall wave 
resonance by large top bat and leading celt. High Impedance at base Is mot' 
died to coax lime by a parallel tuned circuits Smaller lop hut can be used 
with larger loading Inductance, If desired, 

cross. A 20 foot (0*5 at) length of 1/4-iriCh fG-S nrn} 
copper tubing is affixed to the cross by tie wires 
and twenty-faur lengths of no, 12 copper wire are 
Connected from the outside to the center of the 
disc* The loading coil has an inductance of about 44 
microhenries* 

When properly adjusted* the antenna provides 
tie If-wove resonance at the operating frequency and 
the feedpoint resistance is quite high* A parallel 
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Fig, 18 Relationship betWCbn physical and electrical heigh! of tower When 
loaded by either 3-elemer.t Yagl or 2-Clemanl Quad. Comparison curve for 
vertical wire la also sh-OWn. 

tuned circuit at the base provides system resonance. 
The feedline is tapped on the coil at a point which 
provides a low value of SWP on the feedline at 
antenna resonance. 

The ground system consists of 24 radial*, each 66 
feet (2Q m) long mode of aluminum wire fanning out 
from the antenna on the surface of the ground* 

Use Your Beam Tower for the LOW Sands 

why not use your existing beam tower as a 
vertical antenna for the low bands? It is jx>ssihle 
and practical to use a besnn tower as a vertical 
antenna* even though the tower may be grounded at 
the base. Bust of all* the electrical height of the 
tower is increased by virtue of the top loading 
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effect Of the beam antenna. Data 0)1 feeding towers 
is yjsven in chapter 4. 

The chart of Fig. 18 shows a typical relationship 
of electrical height to tower height of a tower one 
to two feet {30 to 61 cm) on a side, top loaded with 
either a 3-element Yagi or a 2-element £uad beam, A 
comparison curve for a thin wire antenna is also 
shown* Multi-element £uads seem to add little top 
loading, possibly because the outer elements are 
removed from the tower and insulated freed it* A 
largo Yagi beam, on the other hand, provides 
additional loading over that Showd in the graph, 

As an example, a 70 foot (21.3 cm) tewer top 
loaded with a Yagi antenna has an electrical height 
of ahout 110 feet (40 m), 

A grounded base* shunt-fed tower is a popular 
installation as it provides protection against 
lightning by channeling static electricity in the 
atmosphere directly to ground* (This material is 
abstracted from an article on snunt-£ed antenna 
towers by John -True, W40Q, in the May, 1975, issns 
of "Ham Radio’ 1 magazine.} 

Decoupling the Marconi Antenna From the slouse Wiring 

The Marconi antenna is a good one for the 160 and 
00 meter bands if the operator is pressed for space, 
ftn efficient radio gronnd is required and care must 
be taken to decouple the antonne system from the 
equipment ground and the pGwor line. If the Marconi 
is cloSO to the residence, and if open house wiring 
is used in the structure, it is possible to get 
inductive coupling between the antenna and the 
wiring* Some operators running high power in a ICu 
meter antenna have found to their dismay that 
various lights in the house go on when they are on 
the air} 

The house Wiring can be easily detuned to prevent 
this undesirable coupling by placing bypass 
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capacitors across a few 12Q volt outlets in the 
house* An easy way to accomplish this is to mount a 
*01 uF, 1.6 kV disc ceramic capacitor in an emoty 
line plug and move it from one wail receptacle to 
another until the lights remain out When the 
transmitter is on* 

Sven though the 160 meter bend is far removed 
from the television channels, it is - 7 till a good 
idea to use a low-pass TV filter on the transmitter 
to supress Unwanted harmonics that might interfere 
with TV or FM reception. 

A Top-hat Antenna for 75-00 Motors 

This inexpensive top-hat antenna is designed for 
PX work on the 3.5 to 4*0 MRz band. Operating 
bandwidth is about 35 kHz between the 2-tO-l SWR 
points on the transmission line. If an auxiliary 
matching unit is used at the station, the antenna 
can operate over the whole eo meter band. The design 
frequency is 3.05 MHs and operation at the low end 
of the band (without a matching unit) requires the 
addition of a small loading coil at the base of the 
antenna* 

The antenna consists of a 35 foot (10*7 m) long, 
2-inch (5Q.B mm) diameter section of aluminum, 
irrigation pipe top loaded by a hat made of fngr 8 
foot {2*44 m) pieces of 3/4-inch (19.1 mm) diameter 
aluminum tubing, mounted at right angles to 
themselves and to tho pipe (Fig. 19). 

The irrigation pipe is very flexible and must be 
guyed at the top and two intermediate levels to 
prevent vibration in the wind* The antenna is 
mounted on a small block of wood to insulate it from 
ground* The wood is given several coats of clear 
epoxy or spar varnish to protect it from the 
leather. 

The feodpoint resistance of the antenna is about 
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Fig. 1 $ SEmpte lop hot antenna lor 75-00 mets rs Is on ly 35 fset htg h . Single 
section of aluminum Irrigation pipe Is used as radiator, Antenna Is guyed 
at three points to prevent vibration In heavy wind. 
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20 ohms so an L-network, such as described in 
chapter 4 , can be used to match the antenna to a 
co ak line* 

The Ground System 

A ground screen is placed beneath the antenna* 
it consists of a number of 30 foot { 27.4 ml radials 
fanning out from the antenna base, Either aluminum* 
copper or galvanized iron wire can be used* laid on 
the surface of the ground* The original antenna, 
designed and used by W7DF5D, employed ICO radiels 
varying in length from $0 feet (27*4 m> down to 65 
feet (1&.3 cij* 

The inner ends of the radials are attached to an 
18 inch (0.5 m) square sheet of 1/4-incb (6*35 mi) 
thick aluminum drilled around ttiC four edges for 
Stainless steel bolts* After the wires are attached 
to the plate. It is given a heavy coat of asphalt 
roof sealer to protact it from ground moisture* The 
Shield of the coin fcedline is attached to the 
plate. 

The outer ends of the radials aro terminated by 
13 inch (0.5 m) ground rods, out from reinforcing 
steel. T'he shorter radials are provided with 4 foot 
{ 2*4 ml long rods. The center plate is grounded with 
one or two 3 foot { 2.44 m) long rods for lightning 
protection. (This antenna is described in the June, 
1983 issue of "dam lladio" magazine. 5 

Using tba Antonina on 160 Meters 

Once the antenna is Operating properly on 60 
meters, an add-on modification will permit 160 meter 
operation. For the "top band 11 , an 60 meter trap and 
auxiliary top-bat are added to the top of th& 
antenna* Switching between bands is automatic, and, 
tho addition does not affect 30 meter operation* 
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Fig. Add-on modification allows antenna af Fig. 19 to be used on ISO 
meter bend. Auxiliary top hat Is electrically AWllched In arid out when Fre¬ 
quency of operation is changed. 

The add-on modification is shown in Fig, 20* 
Four 50 foot J15.24 m) long sections of no, B or 10 
aluminum clothesline wire serve as top guys and is 
the ISO meter top-hat. The trap is pl&cod between 
the junction of these wires and the top of the 
anterind. The trap coil is about 5 microhenries and 
the peril lei “connected capacitor is 4DG pF, 5 kv. 
The trap ia self-resonant at the 60 meter antenna 
design frequency. Before piecing the trap atop the 
antenna , it is adjusted with the aid of a dip meter 
end nearby receiver. 

The feadpoint resistance of the antenna on 160 
meters ia about 5 ohms and the use of a matching 
network is necessary, 

A Hanging Tap-Hat Antenna for 160 Refers 

This interesting antenna was designed to be hung 
from the tup branches of a tall tree or from a 70 
foot (21,3 m) tower* It consists of a top-har 
loading disc beneath which is a Fie 1 i ca 1 -wound 
loading coil about 20 feet (6 m) long. Overall 
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Fig, 21 Tree- or tower-mounted vertical snienna Idr 160 matera. Top hat 
And helix structure arc supported by screw eye at lop and connected to 
feed point with vertical wire. 
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antenna height is "70 feet. The antonna is base-fee 
with a ccax line and a shunt matching hairpin 
inductof trig. 2D, 

In order to keep the maximum area of current 
High in the air, the antenna is loaded to nearly 
half-wave resonance by the inductor and top hat. 
Operational bandwidth between the 2-tO - l 3WE pointy 
on the feedline is about 30 kHz with the antenna cut 
for operation at the low frequency end of the band* 

Antenna CChStruction 

The form for the helical coil is a 20 foot (□ c) 
length of fiberglass rod* 1*5 inches (3,8 cm3 in 
diameter. It is wound with about 260 feet [CO m) Of 
no, 12 insulated wire. The helix is closswound for 
1$ feet {4,S mj and spacawound the diameter of the 
wire for the rest of the winding. The spacewound 
portion is at the top of the helix. 

The top hat is built up of four foot {1.2 ta) 
lengths of aluminum tubing, 0,5-inch tl.2 cm) in 
diameter. The tubes are attached to a metal ring 
which is bolted to the top of the fiberglass cola. 
The whole device is hung from a 10 foot (3 m] 
sideurm mounted at the top of the tower. 

Alternatively* it may be hung from the limb of a 
tree by □ rope an*! pulley combination* An eye bolt 
affixed to the top of the pole allows the entire 
antenna to be raised and lowered at will (Fig. 22>. 

When the helix coil is completed, it is covered 
with throe coats of pnlyurathane finish or spar 
varnish* All bolts and electrical connections are 
protected with a clear* silicone sealant H such as 
General Electric RTV-IDS* or equivalent. 

Tuning the Antenna 

The antenna is tuned to ISIS kHz by shorting the 
bottom end to the ground system via a two turn loop 
coupled to a dip meter* Exact resonance is achieved 
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Fig. 22 Mech an ical assembly cf screw eye support for IhE 
antenna shown In Fig. SI. 

by trimning the wire or by removing or adding a turn 
or two to the coil. Once resonance is established, 
match to the coax line is made by a Shunt coil, or 
hairpin, placed across the feedpoint. It is designed 
to he employed with a multiple radial ground system, 
(This antenna was designed hy Tony DePrato, WA4JQS, 
and was described in the March* 1930 issue of "Ham 
Radio Rotimns 11 magazine,) 

A Simple 30 and 1G0 Meter Vertical Antenna 

This inexpensive and: compact antenna is about 24 
feet (7*3 ml high and is designed about a 20 foot 
(€,2 ml long piece of 2 inch £4*9 cm) diameter 
aluminum irrigation pi per, readily available from 
Sprinkling equipment companies or farm equipment 
catalogs. A top loading coil resonates the antenna 
to SO metera and a base coil adds Sufficient loadina 
tor 160 meter operation, 

Antenna assembly is shown in Fig. 23. The top 
loading coll is wound On a 20 inch ($0.1 cm} length 
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Fig. 23 rnexpensive vertical antenna for BO end ICQ meter operation. Top 
loading coll resonates antenna 10 SO melons and bottom COil Adds extra 
leading lor 160 nrtcloni. Anlenna Is made of iQ fool length of aluminum ir¬ 
rigation pipe. 
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of white PVC plastic pipe, 1-7/8 inches {1,76 cm) in 
aiameter* Coe end is filed enough to make a slip [it 
into the aluminum tube* A PVC plastic cap is 
cemented on the opposite end of the coil form. 

The coil winding consists of 100 feat {30..1 in) of 
no* 12 enamel wire, the top end soldered to a lug 
attached to a threaded brazing rod which serves as a 
small top-loading device. The rod passes through tile 
PVC cap and is held in place with two brass nuts and 
lock washers* The bottom end of the coll winding is 
attached to the aluminum tube with stainless Steel 
bolts Slid nuts. All joints are coated with General 
Electric RTV-lClfl sealant when finished. 

Supporting the Antenna 

The antenna is supported by a 1 X 4 wood post 
sunk in the ground. Qbe bottom end of the post is 
protected with a wrapping Of aluminum foil,, as 
described elsewhere in this handbook. Thu antenna is 
held to the post hy means of stainless Steel hose 
clamps* 

To add strength to the support and to prevent the 
aluminum tube from. collapsing at the clanping 
points, pieces of 2-2/8 inch [6 cm) outside diameter 
PVC are cut and slit down the middle, making a cuff 
to fit between tne pipe and the clamp. When properly 
installed, guy wires are not needed* 

Before the antenna is tuned, the radial system 
must be installed* In one instance, e ground rod is 
used, along with four quarter-wave radiiils laid atop 
the grass, plus four shorter radials running in 
random directions* The antenna is also grounded to 
Che main water system of the residence* 

liming the Antenna 

The antenna is connected to the ground system 
via a two turn coil and adjusted to frequency with 
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the aid df e dip meter* The number of turns in the 
top loading coil are trimmed, a turn at a time, 
until the antenna is resonant at the spot chosen in 
the BO mCtet band* A protective coat of General 
Cement Co, ''Insu-volt n varnish (G*C, 10-603) is 
brushed over the coil* 

The neat Step is to install the 160 motor base 
coil. This consists of 40 turns of J/16-inch [4*76 
mm) diameter copper tubing wound on a 4 inch [10*2 
cm) diameter form. The form is then removed and the 
coil threaded onto four plastic Strips Into which 
holes are drilled to separate the turns the diameter 
of the tubing. 

The coil is connected between the base of the 
antenna end ground by means of heavy, flexible leads 
with d copper clip on the free end* Again, antenna 
resonance is established, this time at a spot in the 
160 meter band with the uSC o£ the dip meter* 

The last step is to adjust the tap point on the 
coil for tbs best SWfi on the leadline. Antenna 
resonance and tap point are slightly interlocking 
and both coll taps must be moved to achieve a low 
value of swa* 

Antenna, bandwidth on 30 meters is about 40 kFsr 
between tha 2-tO-l SWS points, and is about 15 kEsz 
on the 16D meter band 

{The original version of this antenna was 
described by Bd Martinet, W6XM, in the April, 1983 
issue of ’'CQ* 1 magazine*) 




Chapter 4 


Antenna Matching Devices 


It is an unusual antenna that provides an enact 
match to a coaxial transmission line* And even when 
such a match is achieved at the resonant frequency 
af the antenna, the match can quickly deteriorate 
when the antenna is operated far off its design 
frequency. 

Jh the case Of the short vertical antenna, the 
feedpoint resistance is much lower than 50 ohms end 
its frequency response {operating bandwidth) may be 
quite narrow* The feedpoint resistance of a short, 
160 meter coil-loaded vertical, for example, could 
be as low as One ohdl and the feedpoint reactance 
could he as great as -1400 ohms. Typical resistance 
and reactance values for a short 160 meter vertical 
antenna are illustrated in Figs, 1 and 2. The 
problem, then, is to match such an antenna to a 50 
or 75 ohm coaxial line to achieve a lew value of SWR 
(standing wave ratio) over a reasonable operating 
range as required by today's mndern, solid state 
transmitters, 

The Loading Coil 

Two requirements must be net for a qood antenna 
match* First, the antenna must he resonant, or 
nearly so* Second, ir must present a feodjsoint 
resistance equal to the transmission line impedance, 
Resonance of a short antenna is established by use 
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Pig, 1 Approximate feed polrn resistance^) tor a short teo meter vertlcm 
antenna. Eighty-seven font antenna has resist nee of 12.5 ohms (neglec¬ 
ting ground loss). 
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Fig. 2 Approximate fOcdpolnl reactance for e short 16D meter vertical 
antenna. Eighty-seven foot entente Aes reactance of -390 ohms. 
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□f a leading coil connected in series with it as 
gfrown in chapter 3* 

For good efficiency, the loading coil should 
Have a high ratio of reactance to rf resistance, 
'This factor is expressed in terms of coil A 
High-Q coil is wound of heavy wire on a low loss 
form. The winding is often spaced the wire diameter 
and the length of the coil is commonly about twice 
the diameter. 

As an example, assume a loading coil has a 
reactance of 1500 ohms. If the coil has a Q-factor 
of 3QO, then tha rf resistance of the toil is the 
reactance divided by the Q, or 1500/300 = 5 ohms* if 
the foedpoiat resistance of an antenna using this 
coil is 20 Ohms, the overall antenna efficiency 
[omitting any ground loss) is 2Q/t2Q-f-t), or 00 
percent. The remaining 20 percent of the rf power is 
lost as heat in the coil. 

Feed Point Transformation 

The feedpoint resistance of a short antenna is 
very low compared to a fwll^siie one, but this value 
can be transformed to a higher one by means of a 
matching device placed in the line between the 
antenna and an SWF motor which monitors the degree 
of matcht A convenient point for the match is at the 
base of the aotenoa, Some devices can establish both 
antenna resonance and impedance matching at the same 
time. Hany forms of matching devices exist, and some 
Of the useful ones are discussed in this chapter* 

The Reactance Hatching Technique 

As shown in Figs, 1 and 2, the resonant antenna 
exhibits no reactance at the feedpoint, hut shows 
positive or negative reactance when it is operated 
off-frequency. The reactance can be put to good use 
Vhen it is desired to match the antenna to a coax 
line. 
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In meat eases* the feedpoint resistance of a 
resonant vertical antenna falls in the range of 5 to 
36 ohms, depending upon the size of the antenna 
relative to the operating w&VOlength, Very short 
antennas have low values of feedpoint resistance and 
longer antennas have higher values. The problem. i 5 
to match the resistance value, whatever it is* to 
the transmission Line, 

The L—networks suntmariaed in t’ig. 3 are basic 
mfltehing devices and will do the job. They require 
two components (. an inductor and a capacitor), but 
it is possible to eliminate the series-connected 
component by letting the antenna take its place. 
This is accomplished by detuning (equalizing) the 
antenna slightly SO as to introduce the correct 
value of series reactance at thd bast tn compensate 
for the missing network component* If the antenna is 
made longer than the resonant length* its feedpoint 
reactance will be positive (inductive) and if it is 
shorter than resonance H the reactance will be 
negative (capacitive)* 

Using the Reactance Match 


The shunt reactance to be added at the antenna 
feedpoint to make this system work is of the 
opposite sign to that of the antenna. That is* if 
the antenna is shorter then the resonant length 
(negative reactance)„ a shunt inductor (L) must he 
added (Fig, 4 j\)* On the other hand* if the antenna 
is long {positive reactance)* a shunt capacitor (0) 
is called for. (It is interesting to note that the 
shunt inductor scheme is used in seme Yagi beams. 
The coil takes the forn of a U-Shaped inductor* or 


'•hairpin"). 

This is an inexpensive and easy way to match the 
feedpoint resistance of a vertical antenna to a coajt 
line, One component and a slight change of antenna 
length does the ju-JJ 
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Pig. 3 Sasic L-nclW&rks used to mslch antenna ta feed line. Networks A and 
Bara used when coax line impedance Is greater Ihtn feed pci Hi resistance. 
Networks C and D are used when fendpoint resistance Is greater than coax 

Impedance. 
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Pfg, 4 RtactancD of antenna shorter (A) or fanger fH( than resonance Can 
be used to simulate one ol the elements of Ihe L-rtolwurfc. Example A F& 
sfinllar to network shown In Fig, 30 . Exampfe B Is similar to Fig. 3A. 


Practical Reactance Hatching Circuits 

The matching technique is sort-mar i zed in Fig* 5. 
The X-afcis cf the graph represents the feedpoim.. 
resistance of the antenna and the !f-axis the shunt 
reactance necessary to achieve the match. The graph 
is computed for 50 chm coax line# but the value 
derived is close enough lor use with a 75 ohm line. 

For example, assume an antenna has a feedpoint 
resistance Of 20 ohms* The corresponding value of 
shunt reactance# as shown by the dashed lines on the 
graph# is 40 ohms* If the expertmonter decides to 
employ a shunt coil and to equalise the antenna by 
shortening it, formula A is used to determine the 
inductance required at the antenna fesdpoint* If the 
decision is to lengthen the antenna, a shunt 
capacitor is required and formula 3 is used to 
determine its value. 

Representative values of shunt components are 
given in the table for various amateur bands. These 
are maxiillUtn values required for the greatest degree 
of mismatch between antenna and feedline* 

On the higher frequency bands there is little 
choice between the two matching techniques. Hut on 
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FEE CPC IN" RESISTANCE 
OF AhSTEN W 


Fig, 5 The value qi L-nelwork components Is given by formulas A and B. 
Representative component values fer various amateur hands are given in 
I he table. 


the low hands, 160 meters for example, the cost of a 
shunt inductor is small# hut the cost of a suitable 
largo Shunt capacitor might be quite hiqh* For this 
reason# many amateurs prefer the inductive match 
system over the capacitive version. 

For any band the shunt inductor can be B small# 
eir^wuund coil. In the case of the shunt capacitor, 
postage stamp Size silver mica capacitors will 
Suffice for power levels Up to about IDO watts. 
Above this level# transmitting-type mica capacitors 
or variable air capacitors# of at least i kV rating, 
are 1:o be preferred. 
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/ (MHZ) 

Fig. G Arttennii resonant at 14.3 MHz (cu rvo A) Is del u ncd so that resonance 
occurs st 14.0 MHz (curve 0) when Impedance matching needs nee is plac¬ 
ed across teed point. In many cases, detuning elf act is insignificant and may 
be Ignored. Otherwise antenna element musl be equalized 1c reestablish 
resonance. 

Equalising the Antenna 

It was stated earlier that to make this matching 
system work, the antenna must be slightly detuned 
(equalised) to provide the necessary reactance at 
the feedpoint, What does this mean in practice? By 
definition, when an antenna is detuned from one 
frequency it becurr.es resonant at another frequency. 
As Sri ukample, assume that a ground plane an ton he 
has a feedpoint resistance of 35 ohms at 14*3 HESz, 
It is desired to match it to a coax line. The 
inductance value is determined from Fig. 5* formula 
A, ana the coil is placed across the feedpoint. An 
5WR plot of antenna response is run across the 20 
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meter (band and compared with the plot run before the 
inductor was added (Fig, 6). Now the antenna is 
resonant at 14,0 J-jEE. it should be shortened enough 
to move the resonant frequency back to 14,3 .4Hz, 

But is this equalization necessary? The antenna 
theorist may decide to shorten his antenna to 
restore the original SW'E response curve but the 
realist knows that the new antenna response curve is 
equally satisfactory and doesn't want to waste the 
time and effort to equalize the antenna, He knows 
the "station at the other end" won't know the 
difference E 

The owner of a solid-state transmitter, on the 
other hand, may require antenna equalization because 
he discovers that he cannot properly load his 
transmitter at the end of the band where the 
transmission line S'rfR is Excessive, FSe has the 
choice of equalizing his antenna, or incorporating a 
matching device (L-network) in the line at his 
transmitter to accomplish a satisfactory match. 

To sum it up, the amount of antenna equalization 
required for the matching system to work desends 
Upon the ratio of the antenna feedpoint resistance 
to the coax line impedance. The greater the ratio, 
the more equalization required. The example given 
shows that for a feedpoint resistance close in value 
to the coax impedance equalisation probably is 
inconsequential, as the detuning effect o£ the match 
isn't Very great. If, on the other hsnd, the effect 
is enough to move the antenna resonant frequency out 
of the amateur band, equalisation is called for. 

In the case of a very short vertical (a mobile 
whip, for example) equalization is necessary. A test 
run on art S-foot (2,44 m), con ter-loaded SO muter 
Whip antenna having a feedpoint resistance of about 
5 ohms showed that the inductance of the loading 
coil had to be changed about fifteen percent to 
provide a good match to a 50 ohm line at the design 
frequency after a matching capacitor was added* 
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In this instance, the easiest solution was to 
Leave the loading coil alone and to add series 
inductance at the base of the antenna to equalize it 
at the operating frequency* 

The L-Network 

Another solution to the antenna matching problem 
ie the L-netwark* This device can achieve antenna 
resonance and establish a match at the same time. It 
is adjustable over a large range and can be tuned to 
hold the SWll to nest-unity when a frequency change 
1S made, 

TVo components ate used in the L-network and they 
can be connected in lour possible combinations so as 
to provide either a step down or a step up match, as 
shown in Fig. 3* Illustrations A and B show two step 
down networks where the load (R2) is less in value 
than the feedpoint (Pi), In most cases, K1 is the 
Cook feedline impedance {SO or 75 ohms) and V.2 is 
the feedpoint resistance of the antenna <less than 
SO ohms). Either network will do the job and the 
user makes his choice depending upon whether he 
wishes series or shunt inductance or caracitance, 
The choice is often made on an economic basis—the 
cost of the components, It must tie kept in mind* 
however, that the A-type netwnrk provides some 
degree of harmonic attenuation and that the 3-type 
does not. 

Figures 3C and D show two step up networks where 
the load (R.2) is g rector than the fcodpoint 
impedance (Bl), These networks are the reverse image 
of those shewn in illustration A and B. The C-type 
network provides some harmonic attenuation. 

Using the L-network 

The basis of the L-network is the fact that for 
any circuit Consisting of a resistance and a 
reactance in series (an antenna for example), there 
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(2) Xp = R 1 . Rj 

(3) 


750 

22.92 


32.7 2ft 


L - 


0.159 * Xi 


f [MHz) 


( AH) 


(4) C = 1S^000_ ( F) 

/ (MH Z ) * X c 

CHOICE No. 1^ Let Xg be induchve and Xp be Capacitive. 


X R - 


X, 


0.159 X 22.92 

t.fl 

T5&.000 


- = 2 .02 n H 
= 2699.5 pF 


1.8 K 32.72 

CHOICE No. 2: Let X 5 = be capacitive and Xp be inductive. 


x 3 « 

159.DC0 

- 3853.6 pF 


1.0 X 22.72 

xp - 

0.159 X 32.72 

- 2.09 pH 

1.6 


Fig, 7 L*nelWOtk Summary. General case is Shown Cor series (Xs) and parallel 
(Xp) components. Formulas 1-4 provide componcul values In plcolarads 
and microhenries when frequency Is expressed In megahertz. Example or 
Iwo choices Is glVfin for network types A and B, Fig. 3. 
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exists an equivalent circuit consisting of 
resistance and reactance in parallel that has the 
same electrical characteristics (but different 
component values ) for a given frequency (Fig. 7), 
This generalized example provides an impedance step 
<2own transformation and is useful to match a 50 or 
75 ohm coAk line to a resonant antenna whose 
feeaooint resistance is less than the line value. 

The illustration shows a 160 meter antenna with a 
feedpoint resistance of IS ohms to be matched to a 
50 ohm transmission line. Formulas 1 and 2 show that 
the series network reactance (Xs) has a value of 
22,92 ohms and the value of the parallel reactance 
Oip) is 32,72 ohms. 

The network user has the choice cf making either 
reactance an inductor or a capacitor so long as oho 
is the reverse of the Other. Formulas 1-3 summarises 
the two choices. At the design frequency (1*6 MHz. 
for example)* the circuits are electrically 
equivalent* The choice of circuits is usually made 
based upon the size, cost and availability of the 
components. If, for example* JtS is chosen to be an 
inductor* it will have a value of 2.C2 uH. Then Kp 
must be a capacitor and it will have a value of 
2699*5 pF (choice ftL j, This amounts to a very small 
coil and a rather large capacitor. The series coil 
can be removed and replaced by thd inductive 
reactance of a longer-than-resenance antenna. 

The reverse choice (#2) shows comparable 
component values. The series capacitor has a value 
cf 3663*6 pF and the shunt inductor has a value o£ 
2.69 uK. The series capacitor (Xs) can be removed 
from Lhu network circuit and its place taken by the 
capacitive reactance of a shorter-than-resonance 
antenna* The capacitor costs nothing and the shunt 
coil is inexpensive and very small in si£C. An ideal 
combination! This technique is used in the antenna 
shown in Chapter 3, Fig, 3* 
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Alg. B L-nelwork tor 1BQ meters. Shunt capacitor It made up at large value 
air variable unit plus Ehunl-connetted mica transmitting units. Rotary coil 
Is largE enough to tokc Caro of add llional series leading inductance required 
by short Marconi anlenna (see Pig, 9). Components are mounted on plywood 
base wJlh flherbofird panel. Counter dial Is COLrpled to rotary induclor. 

The Shunt Capacitor L-Metwork 

A versatile network Is shown in Figs. 6 and 9, 
It is an A-type network (Fig. 3) employing -a shunt 
variable capacitor and a series rotary inductor. 
Values of the components depend upon the bend cf use 
ana the antenna impedance to be matched. 

This network is designed to match a short antenna 
on the i6D And SC meter hands and* as a result, 
component values ars quite large* For 160 meters* 
the shunt capacitor is made up of two .0011 mF 
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transmitting-type mica cupaCitora in parallel with 
a 2QC-0 pF, transmitting-type variable air capacitor* 
The jnriuctor is ari IS uH rotary coil. (Johnson type 
229"0202-Cl, or equivalent). Extra additional 
inductance can be conected in series with the coil 
if required for a very short antenna* Short antennas 
having input resistances as low as 10 ohms can be 
matched to 50 ohms with this device. In addition, 
the rotary inductor cart compensate for antenna 
reactance* 
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The unit is built on a plywood, base with a 
Masonite panel. The inductor is driven by a counter 
dial to provide accurate logging. A coaxial 
receptacle is mounted on a small L“shnpad metal 
bracket at the rear of the assembly. The shell of 
the receptacle is connected to the rotor terminal 
of the variable capacitor and to a ground post at 
the rear of the network* 

Tuning the L-network 

The network is placed at the transmitter, after 
the SWH meter* For initial tuneup, the transmitter 
is run at reduced power and the network controls 
adjusted for a minimum reverse reading on the EWR 
meter* As the SWR reading is reduced, transmitter 
power is increased until full Input is tun when the 
SffR roaches unity tl-to-1). 

After initial adjustments are made, the network 
dial readings are logged for various frequencies 
across the band so that the network can be quickly 
retuned when a frequency change is made. 

It is a good idea to run a separate ground lead 
between tha network and the transmitter and not rely 
upon the shield of the interconnecting coex line to 
dto the job* An external radio ground connection is 
made to the ground terminal of the network. 

The Step Up Network 

Multiwire Marconi and extended, base“fed antennas 
having a high value of feedpoint resistance require 
a network that that will step SO ohms up to that 
value. An L-network in reverse will do tha job* 
Component values tor a particular network dc£.iqn can 
be derived from the formulas given in Figs* 3C and D 
if the feedpoint resistance of the antenna is known* 
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Pig. 10 The Silunt-icrl antenna. Vertical lower Is excited by feeder wire 
tapped at point £. Cap aci to r (unss out reactance of wire. Feed Wire can 
also be brought down parallel to the antenna. Thlj syslom is often used 
Id Sftunt-leed an existing tower Which supports a hf or uhl antenna. 

The Shunt-fed Antenna 

TPsd vertical antenna can bo grounded at the base 
and power applied across a section of it (s), as 
shown in Fig-, 10* This idea can be considered as an 
antenna in which the power is applied between the 
grounded and and a tap point which* in conjunction 
with the feed wire and the ground return path (q;), 
form a one-turn loop* The reactive component of the 
loop, which is inductive, in resonated out by means 
of a aerie 5 “-connected capacitor £c), The tqint at 
which the feed wire is connected to the antenna 
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depends upon the height, diameter and taper of the 
antenna, and wire spacing from it. The distance £g) 
varies from 20 to 50 percent of the antenna height. 
The feed wire can be sloped away from the antenna, 
or brought down parallel to it to a suitable 
termination point, 

"She performance of a shunt-fed antenna is 
substantially the same as one with conventional 
series feed, provided the resistance of the ground 
return path (G) is low* 

Unloaded vertical antennas as short as 0*15 
wavelength may be shunt“fed. Below this length, the 
tap point Of the feed wire may ba higher than the 
physical height of the antenna* 

The shunt-fed Tower 

A grounded metal tower used to support a beam or 
other antenna may be shunt-fed for low band 
operation. The "gamma match" is commonly used fnr 
this purpose. This consists of a single rod or wire 
parallel to the tower and attached to it at the far 
end {Fig. 11}. It is resonated by a series capacitor 
at the feodpoint. Length and spacing of the rod from 
the tower and the ratio of rod diameter to tower 
cross“Section determines the dimensions of the 
system* Test results of shunt feeding towers of 
various heights for 40 meter Operation are shown in 
Fig. 12, These tests were run by John True, W40Q, 
and are aummarized in the May, 1975 issue of "Ham 
Sadia" magazine* Gamma match dimensions are given 
for towers whose height range from 24 to 90 feet 
{7,2 to 27,4 ml. The test tower was 20 inches (SI 
cm) on a side and spacing of the gamma rod from, one 
tower leg wag ID inches 125.5 cm)* The parallel 
connected capacitor permits fine adjustment to 
compensate tor changes in gamma rod length* 

If the gamma rod is shorter than optimum or the 
tower-to-gamma spacing too small, adjustment of this 


















VERTICAL ANTENNAS 


T14 



Fig. tl Shunt-fed lower uaes beam antonna for lop loading effect. (See 
Chapter 3, FJg. 1 $ lor leading data.) Gamma red la spaced half the lower 
width from one vertical member. Top ol rad la shaded lo lower by means 
of adjustable metat Strap. Series capacitor (CTJ tunes gamma device ta 
resonance Ohd ah uni capadler (C2} parmlta fine adjuslmenl to Compen¬ 
sate for Changes fn gamma rod length. 

•capacitor Simplifies the task of setting the 
shorting bar between the rod end, ttK- tower. 

Note that at the near-rtSonant Length of the 
tower (about 34 feet, or 10.4 tbJ , the lenqth of the 
gamma rod is minimum and the sorie-a capacitor value 
is nvntimumu Below a Lower height of 24 feet (7,3 m 
Of about 0.17 wavelength) the value of the serieh 
capacitor approaches a minimum and the lenyth of the 
gamma rod approaches the height of the tower. This 
is the limiting case. 
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Fig. E2 40-meler vertical. Gamma rad length and series capacitance vs. 
electrical height ol lower, Parallel capacitance required to match coax line 
fe approximately 325 pF. 


Fig 13 un-meter vertical. Gamma rod length end sarles capscltcr va. elec¬ 
trical height of lower. Parallel capacitance required lo match coax line Is 
approximately sso pr. 
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Bfl. 14 IGD-itk: tor vertical. Gumma rod length and series capacitor vs «lcc- 
urcBl height of tower. Parallel capacitance required to match coax line Is 
approximately 13Q0 pF. 


Gamma Hatch Constrnotion 

A rugged assembly can be made by constructing 
the gamma rod of one inch (25 nun) diameter aluminum 
tubing spaced away from the towor 10 to 20 inches 
to SO Cm)j depending upon the cross'Section sisu 
of the tower. If difficulty is experienced in 
matching* the rod-to-tower spacing should he 
changed * 

'■'be rod can be spaced from, the tower by means of 
insuiators made of one inch PVC plastic water pipe. 
One end of each insulator is notched to fit the 
tower Leg* Slots are cut in the pipe on each side of 
the end and a hose clamp is run through the slots 
and around Lhu tower leg. A similar arrangement is 
used for the gamma red (Fig, 15)* The variable 
Shorting bar is made of aluminum strap connected 
feotWeen the rod and the tower by means of hose 
Clamps, 
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Fig. 15 construction of gsnimg rod matching system. Spacers are made 
Irani PVC water pipe With ends slotted ta pass host Clamps which 
encircle tower legs. 


Small rereiving-size variable capacitors can bo 
used for the ganna match for power levels uu to ISO 
watts* but transmitting capacitors with a plate 
spacing of about 0.15 inch [3.8 mm), pr more* should 
be used for power up to the legal limit. It is 
important that both capacitors be protected from the 
weather by placing them in A waterproof box* 


Adjusting the Gamma Match 

Length and diameter of the gamma rod, the 
Spacing freer the tower* and the value of the 
capacitors determine the impedance transformation. A 
dip meter and the rf imEJcdance bridge described in a 
later chapter can be used to adjust the match* The 
ffiedpoint of the gamma match is attached to the 
terminals of the bridge. In brief* a small amount of 
^ power is fed to the match end, dip meter* 
Frequency, gamma capacitance and rod length are 
varied until a null is found at a bridge setting of 
5£> ohms* If it 2 S difficult to find a null* the 
rod-to"Lower spacing should be increased. Once a 
preliminary null has been found, the various 
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component; dimensions are refined to position the 
null at the design frequency of the antenna* Thft 
Hatching system is rather broad in adjustment arid 
can move the resonant frequency of the tower several 
hundred kEz to complete the natch. 

Preparing the Tower 

ThO tower must he prepared to work properly as d 
vertical antenna. Metallic guy wires should be 
broken up by strain insulators every 10 feet {3 mj* 
All control cables end coaxial leads coming down the 
tower should be taped to one teg of the tower and 
run down to ground level* They are then brought away 
from the tower on the surface of the ground, or 
under the ground, suitably protected* 

If the tower is the cznnk-up type, jumpers 
should be connected across the joints to insure a 
good electrical connection between thu Lower 
sections* 

Since the tower is only one-half of the antenna 
system* care must be taken to install an efficient 
radio ground system* In addition* the tower should 
be grounded against lightning by one or two ground 
rods at the base. A system of radial wires laid out 
on, OC above* the surface of the ground will suffice 
for proper operation of the tower as a vertical 
antenna, 5ee chapter 2 for additional details* 

The Matching device--The Final Word 

A matching device can match the feedpoint 
resistance of any vertical antenna to a roe* 
transmission line* The device can take the form of 
an Li-network, or a linear network such as a gamma 
match. In addition to impedance transformation* tho 
L-netWOrk can also establish resonance in many 
cases. The gamma match, in particular, is useful in 
matching an OKAsting tower for service as a vertical 
antenna. 


Chapter 5 


Ground Plane Antennas 


One of the most popular antennas for both, hf and 
vhi Service is the ground plane antenna* The basic 
design is a quarter-wavelength vertteal antenna 
mounted above hari zontal* one-c.uar t er wavelength 
radials spaced equidistant around the antenna base 
{see Chap* 2* Fig. 11), The antenna radiates an 
omnidirectional* vertically polarised pattern, 

Th& radiation resistance of a full-size ground 
plane antenna runs between 35 and 50 ohms £depending 
upon radial placement} and provides a good match to 
a coaxial transmission line* 

The redials provide a radio (zfj ground point 
directly he low the antenna and when the ground plane 
is mounted a haIf-wavelength or more above rhe 
surface of the earth, ground return current losses 
arc quite low. The theoretical field strength of a 
ground plane is about 0,8 dB less than an equivalent 
dipole hut in real-life the two antennas show equal 
performance* 

When mounted in the clear above good ground the 
ground plane antenna provides low angle radiation 
that is necessary for long distance communication. 

Shawn in this chapter are various ground plane 
antenna designs for the b£ and vhf hands that are 
Useful for general amateur service. Information is 
provided, for use of the antennas at any frequency jn 
the hf spectrum. 
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Fig. i As base fff venlcst antenna la 
elevated above ground lower radial a 
are required uniII, when base rs about 
ono-hair wave In Ihe air, only 3 or 4 
radials are necessary. 


How Many Radials are Heeded? 

The vhf ground plane antenna mounted several 
wavelengths above til* earth works well with only 
three or four radials, equally spaced around the 
base of the antenna, provided the feedline is 
isolated from the antenna Field* It has teen shown/ 
however, that when the antenna is close to the 
ground in terras of wavelength, more radials are 
required because the vertically polarised field of 
the antenna is susceptible to ground losses below, 
and in the immediate vicinity of, the antenna* A nf 
ground plane close to the earth (that is, with the 
base on the ground or less than 0,1 wavelength above 
it) nay require from 60 to 120 radials to 
effectively shield the antenna from the "lossy" 
ground* As the ground plan® IS raised in the air, 
fewer and fewer radials are required for good 
performance until, when the base of the antenna is 
about one-balf wavelength (or more) in the air, the 
number of radials can be reduced to three nr four 
without incurring Severe ground loss (Fig. 1). 

For example, for a. rooftop installation of a 2G 
meter ground plane on a single story residence, with 
the base of the antenna about lU to 15 feet (3 to 
4*5 ra} above the surrounding ground level, a minimum 
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Fig. ± When radials slope downward about 40 degrees from the horbon- 
tal the feed point resistance ol the ground plane antenna rises to SO ohms. 

Of 6 radial $ is suggested* On the other hand, if the 
sane antenna is mounted atop a house or tower with 
the base about one-half wavelength, or 35 feet (10.6 
m) above ground, only three or four radials are 
required to provide good performance, 

" Drooping 11 Rfldials 

The Classic ground plane design places all 

radials in the horizontal plane, equally spaced 
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abound the antenna bd-S** This provides the best 
approximation of a solid ground. plane. It is 
possible* however, to slope the radiaIs downwards 
from the horizontal plane* This causes them to 
radiate and thus raises the feedpoint resistance of 
the antenna, A downward slope of about 40 degrees 
from. the horizontal raises the feedpoint resistance 
of the antenna to about 50 ohms, providing a good 
match for a coaxial line* When this is done/ the 
radiais can also serve as guy wires for the antenna 

(Fig- 2 ). 

When the radiois droop down as shown* the gain of 
the ground plane is raised by about 0*3 cb over tliat 
of the normal configuration* but the protection of 
the near-field from ground loss is reduced. It is 
doubtful if a casual observer listening to a signal 
transmitted first by a conventional ground plane and 
then by a "drooping" version could notice any 
differ ence insigna1 str eng t b. 
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Practical Ground Plano Antennas for the E3F Banda 

The ground plane antenna is a popular performer 
gn the bf bands* Tt 15 too large* however* for the 
lower frequency bands unless the user has plenty of 
space for the radial system. On the higher bonds 
(10-50 MHz} it is small chough to fit into many 
small back or side yards. One common design takes 
the form of a vertical aluminum radiator attached to 
a wood mounting post* or a house chimney* with a 
network of ground plane wires at the base. A 
completely self-supporting installation can he made 
which utilizes aluminum tubing for the radiais* 

If the ground plane antenna is clear of the 
ground (say* 0*2 wavelength], a minimum of six 
radiais is recommended. Many amateur installat f ins 
use up to ten or twenty radiais* as thEy are 
inexpensive to install and relatively unobtrusive* 
At higher antenna elevations* less radiais are 
required. 

Antenna dimensions for the high frequency bands 
are given in Table 1 along with the general formula 
for ground plane dimensions for frequencies up to 50 
MtJ 2 * Antenna and radial lengths are the same. 

The dimensions are for wire or tubing elements 
less than 0.5 inch (12*7 mm) in diameter. For larger 
diameter elements* the lengths should he multiplied 
by 0.96* 

Tapered elements are a special case. In this 
instance* the tapered element Is longer than normal. 
The amount of correction depends upon the ratio of 
the buse-to-tip diameter of the element. For a ratio 
of 2, the lengths given are multiplied by 1.02? for 
a ratio of 3* by 1.04;and for a ratio of r, t by 1+06* 

Erecting a Ground Plane Antenna 

The easiest approach is to buy a kit antenna from 
a reputable manufacturer. Amateurs interested in LO 
or 6 meter operation can often purchase an II meter 
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WHAP POST WITH 
ALUMINUM FOIL 
AND VINYL TAPE 


Fig. ^ Ground post to support vertical antenna Is- roatfe waterproof at base 
by a heavy multiple wrapping cl overlapping aluminum foil held Jn piece 
with, vinyl tape, 


GROUND PLANE ANTENNAS 


125 


C& ground plane antenna and cut it to frequency* For 
the lower frequency bands# however, it usually is 
less expensive to build the antenna than to buy a 
kit* The vertical section can he made u£ telescoping 
aluminum tubing {normally available at the laroar 
hardware stores and metal dealers) and the radials 
of copper wire. 

If the base of the antenna is near ground level# 
a weed post can be sunk into the ground and the 
antenna mounted on it. A practical ground ■"mounted 
antenna is shown in Fig.3. The base of the post is 
veil painted and wrapped with several layers of 
overlapping, kitchen-type heavy aluminum foil to 
protect it from termstCS, damp earth, and ground 
water. Tile wrapping is carried Up the post to above 
ground level and is held in place by vinyl 
electrical tape* If the antenna is guyed# the past 
need be Sunk in the ground nnly two or three feet 
(0*6 to 0+9 m). An unguyed antenna requires a lunger 
ground post. 

Since the t f vuitage at the base of the ground 
plane antenna is relatively low, the post Is given 
several preservative nnats of roofing compound or 
varnish and the antenna bolted directly to it bv 
means of TV-typO, galvanised tT-holth, 

The radials can he soldered tu a ring of bare 

copper wire circling the post directly under the 
antenna. The ring is connected to the shield of the 
coax line* since the far ends -of the radials are 

"but" with rf, they are attached to insulators which 
are held in position by short lengths of rope or 
wire. 

The technique of attaching the coaxial line to 
the wire ring is very important so as not to allow 
water to enter the line* Eli a heavy rainstorm# u 
goodly amount of water runs down the vertical to the 
base and unless precautions are taken, the water 
enters the coaxial line and is sucked along the 

inside of the line by capillary action of the 
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braided , outer shield, Line deterioration and 
increased rf losses will quickly follow if tills 
coc.es to pass. 

Protecting the Line 

There are several ways of protecting tile coax 
Line from moisture* Qne of the best is to place a 
waterproof coaxial connector On the line and a 
matching receptacle at the antenna base* The popular 
type PL-259 plug and SQ-239 receptacle are not 
■waterproof and are not recommended for the job, 
although a number of amateurs use them. 

If you do use these connectors* screw them on 
very tightly* tape every joint with vinyl electrical 
tape* or the newer electrical sealing tape* and ther. 
Coat everything with General Electric RTV-108 
sealant* 

The modern type-II coax connectors are 
waterproof* however, and can be used* provided the 
user hag the expertise to place the plug on the line 
correctly {Fig, 4}, 

The next best bet is to peel the outer insulation 
of the line back for a few inches* unbraid the 
Shield and twist it into a pig-tail connection. The 
inner insulation is then Stripped back from the 
center conductor for an inch or so. Connections can 
be made to these terminals. In order to waterproof 
tbe joint* it is coated with a sealant (General 
Electric R.TV-10S, for example) and then wrapped with 
vinyl electric tape* 

The VKF Ground Plane Antenna 

The ground plane is an extremely popular antenna 
on tbe amateur bands above 10 meters. The greater 
percentage of fm repeater operation employs vertical 
polarization because of the mobiles that use the 
repeaters. Remarks that apply to the high frequency 
ground plane antenna apply equally to the vhf ground 
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/ [WHl| 

Elerr.nnl Length 


Inches (CM) 

144 0 

19.60 (49.5) 

146.0 

19 26 [19.25] 

2230 

12 ,SO (32.01 

446.0 

6.30 (16 001 


2 £S8 

LENG H (IN' 



J (MH=) 


TablO 2. Element dimensions for 
VHP ground plane snlenns, 


plane, with the exception, that the vhf antenna is 
usually mounted many wavelengths above ground, This 
helps to counteract ground loss beneath the antenna, 
hut complicated matters in that it is easy for the 
field Of the antenna to interact with the outer 
Shield of the coaxial transmission line unless 
precautions are taken during the i ns ta i _s,t ior. Of the 
antenna. Interaction such as this causes the Line to 
become part c£ the antenna and tends to nullify the 
good, low angle radiation of the antenna, making ’. t 
fuss useful for vhf ground range coverage. 


Building the V*3F Ground Plane Antenna 

As mentioned earlier, several manufacturers 
provide antenna kits and it is economical to 
purchase one, as the kit often costs less than the 
equivalent aluminum and hardware required to build 
the antenna. Antenna dimensions specified with the 
kit can be laatchsd against the information given in 
this chapter, 

In the region above 30 HHs, the diameter of the 
conductors used in the ground plane antenna becomes 
of importance because this dimension starts to 
approximate a fraction of a wavelength,. As the 
element Icbgth-to-diameter ratio decreases, the 
element becomes shorter for a given frequency. That 
is to say, u n fat" element is shorter than e "thin 1 ' 
one. This distinction is relatively unimportant 
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below 30 MHz for simple antennas but assumes greater 
significance as the higher frequencies are 
approached« 

Table 2 provides element dimensions for ground 
plane antennas for use in the vhf/uhf spectrum. 
Generally speaking, it is best to use “thin'* 
e 1 emu nts. Orl e -quar tor i rich (6.35 mm ) d 1 erne ter t ubing 
is suggested for the 14*3 MHz band and one-eighth 
inch (3,13 mm) diameter rod or tubing is recommended 
for the 220 And 445 MHz bands. 

Decoupling the Antenna from the Transmission Line 

It is important to make sure that the field of 
the antenna does not influence the transmission 
line. In particular, the outside of the coaxial line 
can have rf voltage induced on it by virtue of 
unwanted coupling to the antenna. If coupled voltage 
exists, the line becom.es a fortiori of the antenna 
and any SWR measurements made on the antenna are in 
error because the instrument ''sees" the lice as part 
of the antenna. 

In addition, the interplay of radio energy 
between antenna and the outer shield of the Line 
tends to distort the radiation pattern of the 
antenna, negating some of the low angle radiation so 
important on the very high frequencies. 

It is simple to decouple the Line from the 
antenna. All that is required is that the line be 
wound into a simple decoupling choke at a point 
directly below the antenna. In addition, the line 
should drop down directly below the antenna for at 
least a half-wavelength before being Led off to the 
station. 

Thu Decoupling choke 

A coaxial line can be wound into a circle whose 
diameter is about twenty times the diameter of the 
cable, A bend sharper than this can distort the 
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FREQ 

50 OHMS 

75 OHMS 

C[pF} 

(MHz) 

L 

L 

(Af’PRQX.) 

1.35 

1*1.0 

1 50,3 

500 

1.95 

134.4 

1*6.7 

500 

3.63 

72.0 

30.6 

300 

3.S0 

60.0 

76.3 

300 

7.10 

30.9 

40.9 

150 

10.1 

26.0 

20.7 

110 

1*1.1 

16.6 

20.6 

73 

1S.I 

14.5 

16.0 

60 

21.2 

12.4 

13.7 

50 

24.9 

10.5 

11-7 

45 

23-6 

9-2 

10.1 

3$ 

20.2 

0.0 

9.9 

30 

50,1 

5.2 

6,0 

25 


(FEGT X 0.3043 = METEftSI 


Fig. 5 The extended HF ground plane gnlenna provides goad match to SO 
Or 75 ohm Line. Series capacitor tunea outlndUClIve reactancO of anlennS- 
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inner conductor of the cable and lead to trouble. 
Guided by this iimitation r it is safe to wind the 
RG-8/U tRG-213/U)-type cable into a coil, about 10 
inches (25 cm) in diameter* The smaller RG-53/U-type 
cable can be wound into a coil approxrmutely 5 
inches C13 cm) in diameter* 

A b£ decoupling choke consists of six turns of 
cable and a Vllf choke can be made from three turns 
of cable* The choJtC is held in position by weans of 
plastic cable ties or vinyl tape. It is placed near 
the feedpqint of the antenna, at right angles to the 
plane of the radials* 

The Extended HF Ground Plane Antenna 

As in the case of the Marconi antennaj the length 
of the vertical portion of a ground plane antenna 
can be extended so as to raise the fesdpomt 
resistance up to SO or 75 ohms. In either case, 
radial length remains as shown in Table 1* 

intensions for 0*23 and 0*31 wavelength long 
extended ground plane antennas are given in Fig. 5* 
The first design provides a close match to a 50 ohm 
coax line and the second to a 75 Ohm line* Doth 
designs require a series capacitor to establish 
antenna resonance* The capacitor is adjusted for 
lowest SWF on the line from antenna to transmitter. 
The capacitor ig isolated from ground and placed in 
a waterproof box at the base of the antenna* The 
coaxial line is sealed against moisture at the point 
it enters the bpx. 

The antenna ia adjusted at the design frequency 
for unity SWR on the transmission line hy varying 
the capacitor and the antenna length. Element 
diameter and taper data dicussed with reference to 
Table 1 also apply to Fig. 5. 
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The 5/fl-wave Ground Plane Antenna 

In the "Proceedings of the IKE 41 ,, April, 1935 
■Gibring and Brown published their classic Study on 
the field pattern along the ground far vertical 
antennas of different, lengths, Dne of the results Of 
this study has been the popularity of the 5/3-wave 
nigh vertical antenna for broadcast service and 
amateur VRF use. This design combined high radiation 
efficiency with a power gain at low radiation angles 
of Nearly 3 da over a comparison 1/4-wave vertical 
antenna* In order to establish resonance, a smell 
base loading coil is added to the antenna to extend 
the electrical length to the next resonant point at 
3/4 wavelength. 

Amateurs have used this interesting antenna on 
the h£ and vhf bands with mixed results. When an 
elaborate ground system is used, the antenna 
performs as expected, however, when used with 
conventional quarter-wave radiaIs {as is commonly 
done on the vhf hands! the antenna often proves to 
bo a disappointment, showing little, if any, power 
gain over a Conventional ground plane antenna. 

The Expanded VK? Ground Plane Antenna 

Tests run by Ralph Turner, WSHXC, and Don 
Norman, AF3B, on various 2 meter vortical antennas 
have shown that Under seme circumstances 
(particularly when the antenna is many wavelengths 
above ground and the coax line is long in terms of 
wavelength! the ft-Odline becomes part of the antenna 
system, in spite of the use of conventional radials. 
This disturbs the antenna pattern and destroys much 
of the low angle radiation. 

The guarter-uave ground plane provides good 
feedline isolation if the coax line is wrapped into 
a decoupling coil below the antenna, as described 
earlier in this chapter. The 5/S-wave antenna. 
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however, exhibits current flowing along the outside 
Of the coax line even after it is coiled into e 
decoupling coil. The radials are not doing the jcb 
they were intended to do. 

The 3/4-wave length Radial System 

Experiments were run on a 5/B-wave 2 meter 
extended ground plane antenna to determine if the 
feodline requires additional decoupling from the 
antenna field. It was found that satisfactory 
isolation can be obtained if the redials are 
lengthened tn 3/4 wavelength. An antenna modified in 
this fashion provided Superior performance* over a 
1/4-wave ground plane and also over a 5/3’wave 
grouiid plane with conventional 1/4-wave tadials. 

Extended radials on this antenna type also proved 
helpful during antenna tests Oh the & and 10meter 
bands. It is doubtful if they would be An asset for 
lower frequency antennas, as these are usually 
mounted closer to the ground in terms of operating 
waveleng oh. 

Art t enna Dimens j On s 

The expanded 5/3-wave ground plane- is a large 
antenna when compared to the Conventional 1/4-wAve 
design and is not commonly used on the high 
freauency bands. It is useful in the vhf region 
because it is relatively snail and provides power 
gain I,or omnidirectional repeater service. Shown 111 
Fig. 6 are antenna dimensions for 20 through 4JQ 
■NHa, with additional data provided for construction 
D= the antenna tor any frequencies outside the 
amateur assignments. 

The Base Coil Adjustment 

In order to establish resonance for a 5/d 
wavelength antenna a small inductor is alaced at the 
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SAND 

{MHz} 

WHIP 

RADIALS 

COIL 

H) 

IN. 

CM 

IN. 

CM 

2S 

259.00 

658 

294.0 

746.0 

1.54 

50 

147,6 

375 

167.8 

426.0 

0.80 

144 

51.25 

136.2 

58.25 

148.0 

0.30 

220 

33.54 

85.2 

38.12 

06.8 

6.19 

440 

16.77 

42.6 

19.1 

48.5 

0.09 


Fig £ The Expanded 5/ft-wsveground plane far 144 MHz band. Lowerdraw¬ 
ing shows mount to* whip antenna. Mcunt is made of plssiic or other in- 
sulaling material. 

V * .V ' * 

bdS£ t>£ the anfcebna. A tap point on the coil near 
the ground end is selected end the antenna is placed 
ib a clear position, with the base about head 
height* 

A SWR vs* frequency curve is run and the readings 
logged every $0 or 10Q kHu across the band. 'The 
point of lowest SWR is near the regonent frequency 
of the antenna. The S'rfH response is quite broad and 
the slope of the curve is very mild, showing the 
antenna has good bandwidth performance. Adding or 
subtracting a fraction of a turn from the base coil, 
or changing antenna length an inch or two will move 
the SWR minimum point to the design frequency* 

The final step is to adjust the tap point, a 
guartereturn at a time to reach the point of lowest 
SWR* The experimenter will find that coil tap, 
number of coil turns and vertical antenna height are 
interlocking* If the antenna is too short. Cor 
example, increasing coil inductance ur antenna 
height brings it into resonance. Moving the ceil 
tap, toe, accomplishes the same purpose, although 
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too big a Lap r.ovenent raises the £WP.. rhe builder 
will find , howc vor, th at the an L enna is very 
"forgiving" and adjustments are not critical,. 

The Radial e 

for vhf servicei the radials can be mads of small 
diameter alum in uni tubing. Per a hf antenna, it is 
recommended that the radials be made out of wire as 
they are loss visible {and less objectionable to 
neighbors] than ate the tubing Equivalents. 

The HF 5/3-wave Ground Plane 

The 5/3-wave ground plane is an interesting 
antenna for those amateurs who desire signal gain, 
but do not have the room or the permission to erect 
a rotary beam. This antenna provides a solid 3 -dD 
gain over the conventional ground plane and, when 
properly installed, provides that gain at the Lower 
angles o£ radiation where it is needed for US 
contacts. 

Because the feedpoint of this antenna provides a 
reactive load Lo the transmission linej the antenna 
is electrically extended to 1/4-wavelength by means 
of a base loading coil. 

It is possible to achieve the same match by 
lengthening the antenna to 1/4-waveLength, but this 
length would exhibit lobe splitting in the vertical 
plane, and most of the Low ancle rads at son would be 
lost. The solution is to wind the required length 
into a amail inductor which will not radiate, thus 
preserving the Low angle radiation of the antenna. 

Shown in Fig. 7 is a design for the high 
frequency bandst The transmission line is decoupled 
from the fiald of the antenna by Coiling it into an 
rf choice at the antenna base. 

Antenna matching is accomplished by tapping the 
transmission Lice on the base coil which should be 
inclosed in a waterproof container. Coil inductance 
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Fig. 7 HF 6/0-wave OX Antenna provides 3 dB gain ovcf a ground plane. 
Antenna ia resonated by adjusting Inductor at base. At leas! three rad lets 
should bo used wllh this antenna. 


and antenna height are interlocking and different 
dimensions in one can be made up by altering the 
other. 

Suilding the Antenna 

The vertical portion of the extended ground plane 
is made of sections of telescoping tubing, A chart 
of tubing diameters is giver, later in this handbook. 
At least one set of insulated guy wires is required 
for tile smaller antennas and two sets are required 
for the larger ones. 

The radials for the antenna can be made either of 
aluminum tubing or wire* If the antenna is mounted 
above ground level, the radials can possibly serve 
as guy wires to steady the assembly, Many amateurs 
have had excellent results with the antenna mounted 
on the roof of their residence, with the radials 
running along the surface of the roof. Others have 
post-mounted the antenna with the radials fanning 
out at 6 to R feet (1,6 to 3,- m) above ground, The 
loading coil is mounted in a waterproof box at the 
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base of the anLonna with the feedline brouqh.1 into 
the box via a waterproof joint. 

"Tuning the Antenna 

After the antenna is assembled and mounted in 
place, the vertical section is shotted to the 
redials via a two-turn coil which is coupled to a 
dip metor. Loading coil inductance or antenna length 
is adjusted SO ue to provide a resonance indication 
at the design frequency* 

The next step is to match the antenna to the 
transmission line* This is accomplished by novinc 
the tap, a quarter-turn at a Lime, up from the 
bottom of the coil and noting the SWR on the 
transmission line after each setting. Once an SWR 
null has been found near the design frecueney, an 
SWR sweep across the hand is advised, and, the SkTR 
plotted against frequency on a graph* This curve 
should be Saved for future reference. Slight 
adjustments to tap and coil can rj zero-in 11 the EWR to 
unity at the design frequency. 

Short, Loaded Radials 

What to do when ground plane radials are longer 
than the space available? A solution to this problem 
is to insert a loading coil in each radial to 
establish resonance. Radials aa short as 0.1 
wavelength have been loaded LO 0.25 wavelength in 
this manner. 

The loading coil should be placed in the middle 
of the radial. Typical radial length and coil 
inductance are given in Fig. EJ. As in the case of a 
coil-loaded antenna, the radials should be resonant 
at the design frequency. This can be accomplished by 
connecting two radials together via a two-turn coil 
to form a dipole element. The coil is coupled to a 
dip meter and the radial tips are trimmed equally 
until resonance is established. 
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Fig, fi Short, □oil-luadcd r&dlels for ground plane snlenns. fladialSShOUld 
he resonated at desired frequency as operating bandwidth Is leas than that 
Of conventional redials. 

Coil-loaded radials are quite frequency 
sensitive and limit the operating bandwidth of the 
anteil-fl a more t han convent i ona L radio 1S do * Even SO, 
if the space permits nothing else, this is the way 
to do tile job. 

The Inverted Ground Plane 

Paifling the ground plane in the air helps in two 
ways* First, it elevates the radiating element from 
the lossv ground and second, it gets the area of 
maximum correct up in the air where it can do some 
good. If you cannot get your ground plane up in the 
air, the next best thing to do is invert it! 

The inverted ground piano was first tried in the 
early ’'forties" and was gaining popularity when 
radio amateur activity was closed down during World 
War E?* After the war it was forgotten until it was 
made the basis of a “hot” beam antenna, to be 
describee in the next chapter. 

The basic inverted ground plane is shown in Fig. 
9 * 3t consists of a base-fed, quarter-wave vert.lea¬ 
se ction, connected to two quatier-wave radials at 
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BAND 

b(wH) 

C(pF) 

40 

10 

30 

30 

7 

4D 

20 

5 

25 

17 

4 

20 

15 

3 

20 

12 

2 

15 

10 

2 

15 


Fig. 9 Inverted ground plane provides good, tew sngte signal for OX cdn- 
Ucts. Anlenna provides about 2 cm more raflialien In-line with lint (op Chan 
at right angles to Ft. 


Ground plane antennas 


u\ 

the tap* The rodinIs con serve a$ supports for the 
vertical w*re, making on inexpensive ond easily 
installed antenna, 

Since only two radialh are used, the radiation 
pattern is not truly omnidirectional, providing 
*bcut 2 dli more radiation in-line with the radials 
than at right angles to them. 

The inverted ground plane is fed with a parallel 
tuned circuit which is adjusted to resonance with a 
dip meter* Next* a small amount of power is fed to 
the antenna and the tap on the inductor moved back 
and forth, a hit at a tame, until the point of Least 
SWR is found. Circuit tuning should then be touched 
up for minimum. SWil reading. 

The ground connection for the inverted ground 
piano carries little rf current and £ single ground 
rod and screen {such as described for the ELphtail 
beam in the next chapter) will suffice* 

A helical Antenna for 30 Meters 

Many amateurs require a low profile antenna and 
even a cuarter-wave vertical antenna for the lower 
frequency bands can be too tall under some 
circumstances* Shown in this section is a 40 meter 
ground plane antenna that is only It feet r.) 
high. It consists of a helical-wound vertical 
antenna using three Wire radials [Fig. 10). 

The vertical element is Wound nn a 17 foot {5,3 
n) long varnished bamboo pole, nr section of plastic 
pips, The pole is wound with no, 18 enamel wire. The 
tnp 11 feet (3.35 m) of the pole is 'wound at a pitch 
of one turn per 1,5 inch (3.8 cm). This is followed 
by a closewound coil of 26 turns of no. 14 enamel 
wire. Coil diameter is one inch (2*34 cm}. The next 
oortron of the winding consists of 43 inches (1*22 
m) wound at a pitch oE one turn per inch* The bottom 
winding of the helix consists of 16 turns of no* 18 
spacewound the wire diameter. 
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Fig. Id Helical-wound ground plane antenna tor 40 DMltrS. Element Es dip¬ 
ped td frequency and trimmed by means ot base coil. 

The antenna is adjusted to 7.25 MHz tor any 
other frequency in the 7 MHz band} by resonating it 
with a dip meter, The antenna is placed in position 
and connected to the radial system via a small two 
turn coi 1,-i The coil is coupled to the dip meter. 
Antenna resonance is set by adjusting the bottom 
coil of the helix a turn at a time. 

Ant&nna bandwidth between the 2-tO-l 5WR points 
on the feedline is about IOC kKz. < A version of this 
antenna was described hy John McFarland, W4siOS,r in 
the May, 1971 issue of "Ham Radio" magazine,) 


Chapter 6 


Phased Vertical Arrays 


Two or mnra vertical antennas can be combined 
into an array whose field pattern is the Sum. of the 
fields Of each Of the antennas. The combined field 
is a function of the spacing between the individual 
antennas, the power in each, and the electrical 
phase difference between them. Arrays of this type 
are common in broadcast and low frequency service 
and simplified versions o£ these antennas are aseful 
for amateur hf communication. 

Element Phasing 

Unlike? the parasitic Tagi array, all elements in 
a phased array are fed power directly from the 
transmitter. Each element is in the near-field of 
another element and the eiaments react upon each 
other so that the feedpoint resistance of all of the 
elements is changed. 

Id broadcast arrays, the feedpoint resistances 
are matched because the null in the pattern of the 
array is carefully positioned SO as to protect 
Another broadcaster on the same channel. Amateur 
phased arrays have no need of such null-protection 
and the complex networks necessary to match the 
elements in a phased array are not commonly used. 
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Fig. 1 Fleftl patterns of phaaecf vertical antennas. A1 leN Is broadside pat¬ 
tern Of two elements fed in-phase. At rlghi is pattern ufcut-&hphase anten¬ 
nas. Lengths Shown are electrical, nol physical. 


The desired phase shift between the elements in 
an amateur hand phased array can be controlled by 
the physical spacing of the elements and the 
electrical length of the tO0k line that Connects 
them together. An electrical half-wave line is 
equivalent to a phase shift of 1 BO degrees; a 
quartet-wave is equal Lo a shift of SO degrees t and 
so on. By changing the length of the line and the 
element spacing* the field pattern of the phased 
array can be moved about without moving the 
elements. Fig. 1 indicates representative field 
patterns that can be obtained from two vertical 
antennas. In general, if two antennas spaced a 
half-wavelength apart are fed in-phase, a figure-S 
field pattern at right angles (broadside) to the 
plane of the two antennas is produced. If the 
antennas are fed 1EQ degrees out-Of-phase, a 
figure-6 pattern in line with the antennas 
(end-fire) is generated. Finally, two antennas 
driven 50 degrees out-of-phase with quarter-wave 
spacing will produce a unidirectional, cardioid 
pattern in line with the antennas. The theoretical 
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front-to-bac5? ratio of this design is 23 dR, however 
coupling between the antennas unbalances the 
feedpoint resistances which unbalances antenna 
currents. The result is a drop in gain of about Q.G 
<J3 from the maximum figure of 3 dB and a reduction 
of the front-to-back ratio to about 10 dB. 

Power Gain of the Phased Array 

As in the case of a single vertical antenna, a 
good ground system is required for a base-fed phased 
array* when the array is ground mounted, a qround 
screen or multiple radials, at Least 0.2 wavelength 
long, should £an out from the base of each antenna. 
Some amateurs construct a large, oval-shaped radial 
screen that encompasses both antennas. 

When two broadside half-wave antennas are fed 
in-phase, with half-wave separation, theoretical 
power gain over a single antenna is about <a dD, In 
the 160 degree, out-of-phase mode power gain is 
approximately 2 dB. Power gain for the 90 degree* 
out-of-phase mode with guarter-wave spacing is 3 dB, 

Three elements with half-wave spacing provide 
about 6 dB gain in the in-phase mode, 

The Eohtail Beam 

First described by H,N, Smith, WGSCK, in 194-9 in 
the old ''Radio" magazine, the Bobtail beam has 
proven to be a good DX antenna for the low frequency 
bands* It is a simplified version of a three element 
vertical broadside array using quarter-wave elements 
(Fig. 2). In the classic version, three half-wave 
elements are base-fed in-phase with equal currents, 
and the elements are spaced a half-wavelength apart. 
In the Bobtail beam, the center element is fed 
directly arid the outer elements are fed via 
half-wave wires connecting the upper tips of all 
elements. Because of current reversal in the 
horizontal wire, there is little radiation fren i t* 
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FEET X 0.3046 = METERS 


Fig. £ BastMcd, itt-phase elemenls ol Bobtstl basin glvo pfiltern In and 
Oti! of page- Parallel tuned resonant Circuit couples anlenna to coax line. 

The array has a broad, Eigure-a pattern at right 
angles (broadside) to the line of the vertical 
wires i and provided about 5 dB gain over a 
comparison ground- plane antenna when the path length 
GKCeeds 2500 miles (4QQQ km). 

ThO height required for an BD meter array js 
about 10 feet (21*3 m), but for 40 meters, the 
required height is only about 30 to 40 feet (10.7 to 
12,2m), 

The feedpoint resistance at the bottom of the 
center vertical element has a very high value at the 
design frequency and a parallel tuned, low-C circuit 
matches the antenna tb a 50 or 75 ohm coax line. 
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Because of the high feedpoint resistance and the 
fact that the high current portions of the array axe 
elevated above ground* ground current is very lew 
and an elaborate ground system is not necessary* A 

i six foot (l.B m) ground rod in conjunction with a ID 
foot square ( 3x3 m) ground screen directly below 
the feedpoint art- ample. 

Ready-made screen material available in the USA 
and Canada is a 3k5 foot (0,9x1.5 m) piece of 
galvanized hardware cloth or chicken wire found at 
large home improvement stores. As many pieces as 
will fit into the available space should be soldered 
together and laid atop the ground. 

Remember, the bottom of the vertical sections is 
,r hbt ir With rf and can cause a bad burn if high power 

I is run and the antenna accidentally touched. One way 
to avoid this is to slip some small diameter, clear 
plastic tubing (such as a fuel line) over the ends 
of the wires closer than fi feat (2,5 m) to the 
ground. 

Building the Bobtail Bean 

The top horizontal wire of the beam is made of 
hard-drawn or steel core copper wire to prevent 
stretching. It can be suspended about head height 
between two points and the vertical wires soldered 
to it. Once the assembly is complete* it is hoisted 
into position and the vertical wires brought down 
and tied to convenient points at* or near* ground 
level. The tuned matching circuit is placed in a 
waterproof box at the base of the center element. 

Tuning the Antenna 

As with other antenna designs* antenna resonance 
can bo sat with a dip meter. Couple the mater tc the 
tuned circuit and adjust it to the design frequency. 
Power is then applied to the antenna from the 
transmitter and the tap point on the coil adjusted 
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by observing the 5h"R on the transmission line. 
Circuit tuning and tap placement are somewhat 
interlocking and the antenna should always be 
brought into resonance after a tan point change is 
made. 

The last Step is to make an Sh’R sweep across the 
band and log the reverse readings at 50 or 100 kHz 
intervals. The design frequency of the antenna can 
be noved about by retuning the matching circuit* 

a Half-Bobtail Array for 60,40,or 30 Meters 


Not enough room for a full-size Bobtail beam? 
Then consider a half-si sC- Bobtail having only two. 
vertical elements. Referring to Fig* 2 , she smaller 
array would consist of the driven element and one 
horizontal wire running to a single top-fed element. 
(The array is sometimes called a "half-square 
antenna 1 "* 3 The field pattern is at right angles to 
the nlane of the array and quite broad. Power gain 
over a ground plane is about 3 do when the path 
length exceeds 2500 ifii* (40CD fcm3. 

This antennb can npsrate on several other bands. 
It serves as a quartsr-wave Marconi Oh the next 
Lower frequency hand and can be operated against 
ground with a matching network* On the next higher 
frequency band, it acts as an end-fed wire. It can 
be tuned to any point in this band by resonating the 
tuned circuit to the higher frequency* The input tap 
need not be adjusted. 

A Two Element Base-fed Array 

Tins feed system over cones the current unt>&lance 
problem conm-jon in a two element array and provides a 
cardioid field pattern with a. forward gain of 3 dU 
and a front-to-back ratio of better than 15 dB. It 
consists of two quarter-wave verticals, spaced a 
quarter-wave apart and base-fed 90 degrees 
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B 
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FEET X 0,300 ■= WETERS 


Fig. 3Two Clement, bo&Mcd aoay provides good gain and enhanced front* 
to-faack ratio with cardiold pattern. 

out-of-phase, (Fig- 3 3* Eicbt guarter-wave radia1 
wires are fanned out from the base of each antenna. 
The wires are Laid on the surface of the ground. 

Tbe antennas are fed with lengths of 75 ohm coax 
line (FK3-U/U or RG-5?/ r J) that provide the correct 
phase relationship between the antennas* The phasing 
lines (Llj L2} are cut to length with the aid of a 
dip merer to ensure correct phase shift, The two 
lines are joined with T-connector and a single 50 
or ?5 ohm CouX line run from this point to tfia 
station * 
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S = 16.5' (5-Q3M) 

Fig. 4 Four elements wilh suitable phase aKIit circuil provide end-lire pal- 
lern in- two dirCGHgnsand bread side, bl-di ractm nal pattern. Artsy Is View¬ 
ed tram the lop. 

E^sch antenna is individually adjusted to the 
design frequency by means of a dip meter Coupled to 
a two turn coil connected between the antenna and 
the ground redial system* (This antenna is patterned 
after the design of Hoy Lewullen, W7EL, shown in the 
August, 1979 issue of "QST'' 1 magazine*] 

A 4 Element Ease-fed Array for 20 Meters 

This compact- and! unobtrusive four element beam 
provides switchable directivity in lane with the 
elements, plus a broadside lobe to provide nearly 
complete coverage of the compass* Directivity is 
switched from the operating position by means of 
relays. Ithis array is patterned after an 60 meter 
design of W1HKK shown in March 1969, ‘'QST" magazine 
and was built by Jim Gabriel, WA9L3KJJ, and described 
In "EJam Radio" magazine. May* 1963*) 

operation of the antenna is summarised in Fig, 4, 
In the end-fire (in-line) case, the antennas are 
driven with a 90 degree phase shift between them (0, 
■gp, 160 .and 270 degrees}* This phasing provides a 
unidirectional pattern from the 0 degree element 
through the 270 degree element having a tneoretiCS 1 - 
gain of about 4.9 dB over & single element. To 
reverse the pattern J-B0 degrees, the antennas are 


0 90 

* • 

K-&*l 


160 270 

» * 


END 

'FIRE 
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fed in the reverse order t 270, 160, 90 and 0 deg, 

A third switch position provides a bidirectional 
broadside lobe (at right angles to the line of the 
array). This has a gain of about 5.3 dB. 

Building the Array 

The 20 meter design uses four 16,5 foot (5*03 m) 
elements made of 1 inch (25.4 mffl), 7/3-inch (22.23 
mm) and 3/4-inch (19*05 mm) tubing with .056 inch 
(1.45 fflmj walls. These sizes telescope within each 
Other* The OUtor sections of tubing are slit for a 
few inches and a automobile hose clamp holds the 
joint rigid. The elements are mounted on plastic 
spacers which, in turn, are mounted on 1-inch 
diameter treated wood dowels driven several Eeet 
into the ground. 

The ground system for each vertical consists of 
an aluminum disc with a clearance hole cut in the 
center. A series of holes are drilled around the 
perimeter and the radials are attached to the disc 
by means of brass nuts and bolts* 

The original installation used four quarter-wave 
radials (laid out on the ground) per antenna. 
Results were poor, SO additional radials were added. 
Eight radials per antenna gave nucb improved 
performance. Finally,up to 30 radials per antenna 
were gradually uddud with noticeable improvement in 
performance. 

The ?eed System. 

The verticals are spaced 16,5 feet (5*03 m) apart 
and each is fed by an equal-length, 3/4-wave section 
□f 50 ohm coax line. The same type line is used for 
the main feeder, the power divider and the phasing 
lines* 

The relay box wiring is short ar.d direct to 
maintain the correct phase relationship between the 
antennas (Fig* 5)* Type-N fittings are used -cr the 
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Fig. 5 Relay wiring. EncMire pattern Is present with no dc applied- Oc ap* 
plied to terminals 2 and COM (common) TavcrSCS array direction and ap¬ 
plied lo terminals 1 and COM provides broadside, ^directional pattern. 
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Fig. 6 Relay bQK shewing phasing lines ceiled inlo position. Waterprool 
connectors ere used. 


onasing lino connections (F'ig. 6) 
waterproof devices. The relays are 
surplus 11E V, tD 51 z large-contact units that 
activate at about 35 Vdc, 

The £WK is less than 1.4-tO-l in the end-fire 
modes when twelve radials per elenient ere used* It 
is less than 2-tO-l in the broadside mode* 
Additional redid Is reduce the SWR in both operating 
modes. 


A 't aiement, Square Array for 40 Meters 


Described in this section is a four element, 
phased array designed by Jerrold Spank, WBEiHR, 


use at Byrd Station, Antarctica 
antenna was described in tho Ray, 
"Kan Radio" magazine* 


{vclllSFj* 
1575, is sue 
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CABLE LENGTHS 
A-F and F-B - 35' {10.G7MJ 
A D arid = 57'0“ (2&62M) 


Fig, 7 Feur element., phased array used at Byrd Station, Antarctica on 4D 
meters. Elements me quarter-wive whips, Gain la about 6 dB over a single 
element Physical spacing at elements shewn in drawing 

The array combines a broadside, lialf-VflVG spaced 
pair of vertical elements with quarter-wave spaced 
olosionts in a square configuration, Array gain is 
estimated to better than 6 dB over a single vertical 
antenna. The radiation pattern is at right angles Lo 
the line A-H and in the direction of the arrow in 
Fig, ?, 

The phasing Lines between the quarter-wave 
spaced elements [A-D and a-C} are 3/4-wavelength 
long because when the velocity factor of the cable 
(0,66) is taken into consideration r a quarter-wave 
line is too short to Span the distance. The Longer 
line provides the same phase delay. 

A T-connection is located at the center of the 
line connecting the half“Wave Spaced elements. These 
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arc connected to the T with equal-length lines, line 
length being noncritical in this instance. 

Die antennas are supported about 6 feat [1.0 m) 
above ground and the radials extend out to ground 
level. The radials are placed m front of the 
elements to provide the best ground plane in the 
desired dire ction. 

This array has been tested against a large 
log-periodic antenna mounted on a 1GD foot (30.4 m> 
tower over the AntarcLiC-USA path and provides on 
average signal within 3 -decibels of that of the 
much-larger beam. 

Adjusting Coast Line Phasing Sections 

The radio wave travels more slowly in a coax 
line than it does in free space, so the wavelength 
along a line is less than the free space wavelenath 
for a given frequency, 

The result is that the physical length of a 
given line section is always somewhat less than the 
electrical length. The velocity factor of e line is 
the ratio Of the actual wave velocity along the line 
compared to the velocity in free space. For 
Conventional lines with a solid uolyethyLene 
dielectric. Die factor is approximately 0,66. The 
coax line length corresponding to an electrical 
quarter-wavelength, then, for a given frequency is 
about. 1246 x 0,66)/f, where 0.66 is the velocity 
factor and f is the frequency in megahertz. 

Because the velocity of propagation of coaxial 
lines varies slightly depending upon manufacturing 
te chniqup s, it is importa nt to Cut the 1ine L u 
length with the aid of a dip meter. The length of 
connecting plugs, if any, should be taken' into 
account. 


.. 
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Cutting the Cine 

As an example, assume a coax line is to be cut 
to a quarter-wave length at 7.15 MHz,. Approximate 
line length is (24$ x 0.6$}/f, or W.6/7.15 * ZD.4? 
feet {6.22 n).To be on the safe side, a section of 
line is cut about 21 feet (6.4 m) long. Hefore 
measurements are undertaken, a coaxial plug is 
placed on one end of the line. The other end is 
trimmed even and the outer conductor edge tinned 
With a soldering gun to prevent some nf the braid 
wires from shorting to the center conductor, A 
single turn loop just large enough, to fit snugly 
ever the coil of a dip meter is soldered between Lhe 
braid and the center conductor . 

The coax line is straightened out and the dip 
meter loosely coupled to the coU. The frequency of 
the dip meter is measured on a nearby receiver. The 
indication of resonance on the dip meter shows the 
resonant frequency of the cable Length. Hake several 
readings and take an average to obtain the most 
accurate measurement, You sbculd be able to have the 
readings agree within a few kilohertz. 

Since the cable is originally cot slightly long, 
the indicated frequency will be lowered than that 
desired. Cut one inch (2.54 cm) off the cable and 
reconnect the loop. Repeat the measurements and 
determine the new resonant frequency. This will Loll 
you how many kilohertz the coble moves in frequency 
when One inch IS trimmed from the end. If, for 
example, the original set of readings indicated a 
resonant frequency of 7.00 MHz, and trimming one 
inch from the line raised the frequency 50 kHz to 
7,05 ME]J- r then Criming an additional two inches (S 
cm) from, the line will raise the resonant frequency 
100 kHz to 7.15 MHz. 

If a second coax plug is to be placed on the 
line, the line will have to be trimmed back a bit as 
total line length is measured from plug Lip to plug 
tip. 


Chapter 7 


Muitiband Vertical Anl-ennas 


As discussed in an earlier chapter, any antenna 
can be adjusted to operate on any frequency provided 
the proper tuning network is used. It is important, 
however, to remember that most practical muitiband 
antennas are approximately an electrical quarter 
wavelength long at the lowest operating frequency. 
This chapter shows some l rtteres11ng variations on 
this idea. 

A Simple Multiband Vertical Antenna 

An inexpensive multiband antenna is a single 
element tuned to resonance by a loading coil. A 
popular version consists of a 20 foot (6.1 ml 
section oC aluminum tubing, base Loaded by an 
adjustable coil and operated against ground (Fig. 
I). Operation on any hand between 10 and 30 meters 
is accomplished by proper placement of the Laps on 
the coil. The connections arc mads with an 
inductance clip, such us the Barker & Williamson 
3^42, or equivalent* The base coil is a section of 
air-wound indneter, 

For temporary service the antenna can he used with 
a ground rod, but a more permanent and efficient 
installation would require a ground screen or 
multiple radial wires* 

Operating bandwidth of this simple antenna is 
over 150 kHl on 20 meters and above, about SO kHt on 
40 meters and approximately 3o kH3 on SO meters. 
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Fig, 1 Multiiard vurtiesL lor 30 through 15 meter hands. Coll laps arid feed- 
point are adJUSled on each band by means of SWP meter Ln leedlinth Coll 
IS 35 tdrna, 2-1 12 Inches dtam., 6 Eu m& por Inch (& i W 3029 of equivalent). 

The antenna is clamped to a rectangular mounting 
plate with U-balts. The pLata, in turn, is mounted 
to a ground past or Other support by two ceramic 
standoff insulators, Alternatively* the antenna can 
be slipped within a telescoping section of plastic 
PVC pipe fastened to the support with U-boltS, 

The approximate coil taps for a particular hand 
are chosen and a few watts of power are applied to 
the antenna through an 5WS meter. The antenna tap is 
shifted a hit for Lowest SWR and the feedpoint tap 
is than adjusted to minimize the SWR reading. The 
adjustments are slightly interlocking. When the 
optimum tap points are found, they are lugged and 
the procedure is repeated for another bund. 
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INSULATORS 



GROUND 

Fig, 2 Vertical antenna plus sloping guy ropes support el her antennas Eer 
higher [reguency bands, A popular combination Ss ZD-THfl meters. Separa¬ 
tion between antennae at the tap is abaul 3 feet (0.9m). 

An Inexpensive Triband Vertical Antenna 

Vertical antennas for different amateur bands can 
be connected in parallel at the feedpoint and fed 
with one transmission line, as Shown in Fig* 2, The 
antennas are fanned out slightly to achieve minimum 
interaction between them. Because isolation between 
the elements IS not perfect, SWR at resonance of the 
antennas is not aa low as it would be if separate 
feed systems were used.. An L-network placed at the 
transmitter will reduce the SWR to a very low value 
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Pig. 3 Trap vertical antenna for 10. IS and 20 meters. The traps act as elec¬ 
trical switches and cfise&nnecl antenna seel ions as the frequency or opera¬ 
tion is changed. 

ana may be required if a solid-state transmitter is 
u Ei’d. 

In this design, the vertical antenna for tho 
lowest frequency band is made of aluminum tubing and 
acts as a support for the ropes holding the wire 
verticals. The ropes also act as quy wires for the 
tubing section. E'or best antenna efficiency a ground 
screen or multiple ground wires are required. 

The Multiband Trap Antenna 

The vertical antenna is a frequency-sensitive 
device capable of providing a good natch to the 
transmission line over a narrow Operating range* A 
snatching device is often used to resonate it at 
off-resonance frequencies* but a more practical and 
useful means to achieve multiband operation is to 
change the length of the antenna as the band in use 
is changed. If the antenna is cut for operation on 
the lowest band, section3 of the atitCrtna can be 
disconnected* or decoupled* for operation on higher 
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fregency bands, A remote switch will do the job, but 
an easier way is to use automatic decoupling traps, 
aa shewn in Fig. 3, 

A typical trap consists of a high impedance 
resonant circuit. The high impedance of the trap 
isolates an unwanted portion of the antenna, 
permitting the remaining section to resonate at the 
desired frequency. 

In the illustration, the bottom trap is resonant 
at 10 meters, isolating the upper portion of the 
antenna. A second trap, adjusted to 15 meters, is 
placed higher in the element to isolate a somewhat 
shorter section of the antenna. The complete antenna 
element, including the two traps, resonates at 20 
meters. Theoretically, an antenna could bo made to 
resonate on any number of frequencies lower than the 
fundamental frequency by adding a sufficient number 
of additional sections and traps. 

The Decoupling Trap 

A popular trap design consists of coil and 
capacitor resonant irJ the highest operating band of 
the antenna. If the impedance of the trap lb 
sufficiently high { 10,009 ohms, 0t more), it is 
nearly equivalent to an Open switch. At or near tile 
resonant trap frequency, the element section after 
it is effectively disconnected from the antenna. The 
antenna section between the trap and the feedpoint 
is resonant at a frequency determined by its 
electrical length and diameter, plus any residual 
effect contributed by the presence of the trap. 

At- the lowest frequency of operation of the 
trapped antenna, the traps act somewhat in the 
manner of loading colls whose effect is to shorten 
the physical length of the antenna, A multiband. 
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trapped antenna therefore ■will have slightly shorter 
dimensions than a single element for the same 
frequency* The amount of shortening depends to a 
large extent upon the design and construction of the 
trap. 

A practical iitultiband antenna is a series of 
engineering and electrical compromises as the 
f actors contributing to & highly efficient, low-loss 
trap are at odds with the need for a compact, 
waterproof, low price unit capable of working in an 
outdoor environ Silent. It is a tribute to antenna 
engineers that cany of the popular triband antennas 
on the market work as well as they do* In any event, 
the small loss in efficiency in a well designed trap 
does not seem too great a penalty to pay for th? 
convenience of multihand operation with a single 
antenna. 

RadiaIs for the Multiband Antenna 

A multibend vertical requires a good ground 
system for each band in order to d,0 its job. If the 
antenna is ground mounted, multiple ground radials 
or a ground screen should be used, 'the radials 
and/or screen should be large enough for efficient 
operation on the lowest frequency band in use. 

Tf the antenna is elevated above ground, multiple 
redials should be placed beneath it. It is common 
practice to c.ake the number of radials on the higher 
bands equal to the total number of radials for the 
lowest band. F'or example, a 20-15-10 meter antenna 
may have 4 tadials for 20 meters, and two radials 
each for 15 and 10 meters, tiany amateurs, of course, 
use more radials than this, 

A vertical Antenna for 3.5, 7, io and 14 KHz 

A 5/a-wave vertical antenna for 14 Mliz provides 
about 3 dB gain over the conventional quarter-wave 
antenna* That is equivalent to doubling the 
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transmitter power* In addition, the extra antenna 
height allows operation on the lower frequency bands 
if a suitable matching network is used. 

A practical design is shown in ?ig. 4. Eight 
radials, SC feet (10*3 m) long, are fanned out Oh 
the surface oE the ground and an 3 foot (2*44 ml 
leng ground rod is driven into the earth at the base 
□f the antenna. 

Antenna feedpoint imfjedance is reactive on all 
bands and shows a resistance value of about 20 ohrag 
on 80 meters, ISO ohms on 4C meters, 9 DO ohms on 3D 
meters and 4Q ohms on 20 meters. A pi-network that 
will match this range of values is shown in the 
drawing. The network is placed at the base of the 
antenna in a waterproof wood box* 

Building the Antenna 

The antenna is 41 faet {L2.5 ml high and built of 
sections of aluminum tubing. The bottom section is a 
20 foot (b.I rn) length of 2 inch [5*1 cm) diameter 
irrigation pipe. The top three sections are made of 
telescoping sections of tubing, all having a wall 
thickness of .058 inch (1.47 mm]. Diameters of the 
sections are 1.7S inches {4.45 cm), 1.5 inches (3.S1 
CCli and 1*375 inches {3.49 cm). The antenna is 
Sup[X>rted by a 4x4 {10 cm square] wood post 8 feet 
(2.44 m) long. The bottom half of the post is 
painted and then wrapped with two layers of heavy 
weight aluminum kitchen Coil which covers the sides 
and end. The loll is held in place with vinyl tape, 
and scams in the foil are also taped. This protects 
the post against ground water rot and termites. The 
post is sunk about 4 feet {1.22 m) in tba ground. 

The antOPda is mounted to the post by three heavy 
duty ceramic standoff insulators. Thu better 
insulators have metal bases which add strength to 
the mounting area. The whole assembly is very rugged 
■and requires no guying. The top of the antenna will 
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Fig. 4 Gain antenna lor 60-10 meters. This design provides about 3 d0 gain 
on 20 melcfs and less on Ihe loner frequency bends. A simple 
pi-network at base permits lhe antenna Id be tuned to the band in use. 
Toning data is given in text, A smaller version, 22 Teet (6,7 high can 
be used on lhe meter bands. Network component values are 

reduced by half lor lhe higher frequency design. 
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gway about 2 feet {0.6 m) in a heavy wind with no 
harm done to it. 

Tuning Lhe Antenna 

The pi-network consists of two capacitors and a 
tapped coil. The antenna capacitor {at the Left in 
the drawing) is only used on the 30 and 40 meter - 
bands, On the other bands it is set at aero, The 
right-hand capacitor and the coil ere adjusted for 
lowest value of SWR on the feedline. On 30 and 40 
meters the left capacitor brings the network into 
resonance and the right capacitor will be set near 
sobo value. 


Using tile Antenna on 14 Thru 30 Mhz 

The antenna design shown in the previous section 
can he adapted for use on the higher frequency bands 
by cutting the overall length to 22 feet {fc.7 its). 
The basl-C antenna is now a half-wave vertical for 21 
HKs, which also functions as a 5/B-wave vertical on 
26 WHtj providing about 3 da gain on the letter 
band. On the 24 MUs band, about 2 dS5 gain is 
provided. The network capacitors are reduced to 100 
pF and the coil inductance to 3 uta for the high 
frequency version of the antenna. The ground sy steal 
consists of eight radial wires, 30 feet (9.1 m) 
long, plus an S foot (2,44 m) ground rod at the base 
of the antenna. 

A Vertical for 40 and 75 Meters 

Tbis compact antenna employs a single trap and 
top-hat loading and is only 33 feet (10 m) high 
{Fig, S}, It is designed for rooftop mounting and 
has four radials-- two for 40 meters and two for 00 
meters. The latter are bent into a Z-staap« to 
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Fig, & A two-band vertical antenna lor AO and SO meters. The vertical m a at 
is resonant on JO meters. Top loading resonates It in (he 3D mater band. 
The da coupling trap, made of a shorted section of coax cable, is dropped 
down Inside the mastr A simple L-ncIwork at iho antenna base provides 
a match to a 50 or 75 ohm coax line- The shunt Inductor Is adjusted lor 
lowest SWR dt the SD meter design frequency. Antenna is mounted to a 
weed post by means of Unbolts. 
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CORONA fritH 
SIMM h?—flawMfl> S Y 
<£!N ? , CENTER EONOUCTOR 


SOi-CTf!- LiAS s 
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SEAL 



INSULATOR (DOWEL 

swleo m ha xi 
-o.o. to suit mast 


(05- G.£2i IN.) 

HOLS 

TAPl TO SEAL 


STAINLESS ST££L 
jf* CLAMP 
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Fig. $ View of the (op assembly oi the two-band vertical antenna. Outer 
braid ol the teas decoupling trap la split into two pig-tails which arc 
damped 10 the top or the mast. The inner conductor or the COAX passes 
up through the top insulator and Is attached to 1 he two lop wire guys which 
act as loading wires. S3 mater resonant frequency can be changed by 
adjusting wire length. 
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conserve roof space* A simple L-network provides a 
good impedance match On both bands* OpC r it i Qnu 1 
bandwidth between the 2-to-l £WS points on tbe 
feedline is about 120 kHz on 30 meters and 220 kHs 
on 40 meters. 

Building the Antennna 


The antenna is made from a three section push-up 
TV mast which is trimmed to nne quarter wavelength 
on 40 meters* ?ron the top a Length of RG-8A/U 
[EG-213/0} is drooped down 1 nSidle the mast■ The 1ino 
is 22.5 feet (6*9 m) long with the shield shorted to 
the inner conductor at the bottom end. This joint is 
wrapped with vinyl tape to prevent it from shorting 
to the mast* The top outer shield is connected tn 
the top of the TV mast. The top center conductor of 
the coax is connected to two slanted top-nat Witts, 
which act as guy wires and a capacitive loading 
element. On 40 meters the coax appears as a parallel 
resonant circuit and isolates the mast from the top 
hat radial wires. On 75 meters the coax is one- 
eighth wavelength long and acts as a series loading 
coil. The mast, coaxial coil and top hat form a 
series resonant circuit, forming a one eighth wave 
radiator resonant At about 2850 kHz. 

The Matching Network 

On 40 meters the feedpoint resistance is about 
40 ohms. On 75 meters, because of top loading, the 
base resistance is about IE ohms* [If base loading 
were used, the feedpoint resistance would Only be 
about 7 ohms.) The network is adjusted for proper 75 
meter operation and is left in the circuit for 40 
meter operation as it bos negligible effect on this 
band. 
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Anterm a Details 

The detail of the top of the mast is shown in 
Fig. 8. This is a high voltage point SO a good 
quality top insulator is needed* The one used was 
cut from a hard maple block and painted with G,C, 
”IPSU-volt" varnish. Micarta. Teflon, Lexnn, or 
Other insulating materials are suitable. The top end 
of the coax cable within tbe mast is sealed with a 
coat of STV-10fi sealant, or equivalent. 

The two top radials are made of galvanized iron 
or copperWeld wire. They huvn* low current in them 
and wire si^e is not important, but they must 
withstand wind stress. The lower end of the radials 
terminates in a strain insulator. 

A corona ring is formed at the top of the mast by 
extending the center conductor of the coax to form a 
2 inch (51 mm) diameter loop. This is necessary 1 f 
high power is run in damp weather. 

The base insulator is at a Low voltage point end 
is made of a painted hard wood block. To stabilize 
the antenna a second set of guy frires iS placed at 
the top of the base section of the mast. Guy rings 
are usually supplied with the mast. 

The L-network is placed in a waterproof wood box 
at the base of the Antenna, The resonant radials are 
run Across the roof and mounted a few inches above 
it* The ends are supported and terminated by small 
insulators. The radials are bent tn fit the shape of 
the roof, if necessary. 

(This antenna was designed and built by Paul 
Schol£j WbPYK, and was described in the September, 
!S7g issue of “'Ham Radio" magazine. 3 

a Three Band Ground Plane Antenna 

This low-cost, high performance antenna is 
designed for 20, 15 and 10 meter operatioon, and is 
about 9 feet (2.74 m) high (Fig, 7), The vertical 
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portion is made of thin-wall electrical conduit, 
available in ID foot {3.1 m) lengths from large 
building supply stores. Antenna length is slightly 
longer than dorived by formula as the top loading 
affects 10 meter resonance. 

Separate loading coils are used for 20 and 15 
meters and are terminated in small capacity hats. 
This allots loading coils with fewer turns and helps 
reduce coil losses. 

Antenna Construction 

The conduit is capped with a 5 inch {12,7 cm) 
length of half-inch plastic water pipe which is 
actually 7/B-lneh (22,22 rraO Outside diameter. This 
provides a slip fit over the conduit. The pips is 
Cemented to a plastic T-fitting, The top of the 
T-fitting is drilled out so that the conduit passes 
through for connections to the loading coils. 

A 14-inch {3£*6 cm) length of plastic nips 
passes horizontally through the T-fitting and "the 
loading coils are wound on the ends of the pipe 
after it is cemented to the fitting,. The coils are 
Closo-wound with no. 20 enamel wire. Twenty eight 
turns are required for the 15 meter coil and 62 
turns for the 20 meter coil. The inductance of the 
COlls can be reduced, if necessary, by removing 
turns. It is best to Start with a few too many turns 
and remove a half-turn at a time until the frequency 
of minimum SWK is near the band center. The 
inductors can be fine-tuned by changing the spacing 
between the turns* Fortunately, there is little 
interaction between 15 and 20 meter resonance. 

When the coils are completed, they are given a 
cna L of G.C, lb Z nsu - vol t Ir varn i sh or a cry! i c sura y to 
protect them. from the weather* The resonant 
frequency will be lowered about 150 kHz. when the 
coils are sprayed, so it is a good idea to have 
resonance about that much higher ip frequency before 
painting starts. The conduit is zinc-plated but 
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should he sprayed with clear lacquer as further rust 
preventative. 

The loading coils for 2D and 15 meters are 

terminated by capacity hats made from three pieces 
of no. It) copper wire forced through holes drilled 
in the end of the plastic caps. 

This aotsnna has worked well with only four 

tadialS““two for 10 meters, one for IS meters scad 
one for 2D dieters. These serve as guy wires, forming 
a drooping ground plane. If more radiels can be 
installed, a minimum, of four pet band is suggested, 
Antenna bandwidth between the 2-tO-l SWF points 
Oh the feed line is over IT 00 kRz on 10 meters, with 

the design frequency at 29 WOa. This allows 

excellent operation over the whole bind. The SHE 
bandwidth on 15 meters is over 60D kHz and is better 
than 300 khz on 20 meters when the antenna is 
adjusted for resonance at 14.2 HHs. (‘This design WAS 
described by Fred Brown, w&rtPH, in the October, 1966 
issue of "Bam aadio' 1 magazine. 


Chapter & 


Antenna Roundup 


The G3HCT Mlhibeam for 40 Meters 

This simple beam antenna for 40 meters is low in 
cost and occupies a minimum of space. It consists of 
3 two-wire vertical antenna supported! by a 36 foot 
(11m} high wood mbst plus a three wire re f1e□ tor. A 
Simple coax matching system is used to match a 50 or 
75 ohm line (Fig. 1} + 

The folded unipole element is 54 feet (10.36 m) 
high, with 3-1/2 inch (9 cm) spacing between the 
wires. The Spacers arc cut from snort lengths of 1/2 
inch (1.3 cm) diameter plastic rod, drilled to pass 
the wires. 

Each reflector wire is 7T feet (21.64 m) long. 
They Are supported at one point atop the tower but 
there is no connection between the wires. The wires 
clear the ground at the lower end by about 4 feet 
(1,22 m). 

A stub matching system is used. Length I? is from 
the antenna feedpoint to a coax T™COnneCt&r. Length 
E is set for lowest J3WH at the midpoint of the band 
by shorting through the coax Line with a pin. When 
the correct spot is determined, the line is cut and 
the end shorted with a permanent joint. 

At least eight quarter-wave radial wires arc 
laid out on the ground Surface, fanning out from the 
base of the antenna. 
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Fig, 1 The G3H&T reHsctm-Ofllenns lor 40 mctCfS- A coax tranSlormer 
rnslthes antenna to 50 or 75 ohm line, PirtienaioFi D is 16'2” [4.S3 tn). 
Dimension E is 9 K 3 H ' [£-92 m}. Length E is adjusted fOf loweal SWR on the 
transmission line as explained in the lex!, 

GSEiCT reports good front-ta-back ratio. Cain 
measurements were not made, hut the antenna compares 
favorably with a two element ¥agi on a 120 foot (36 
m) high tower, usually running about 1/2 to 1 £-unit 
below the larger beam, G3HCT says this is "the best 
40 meter antenna I've ever used". 

(This antenna was originally described in "Radio 
Communication", a publication of the Radio Society 
of Great Britain and discussed in the October, 1G7D 
isaue ot "CQ" magazine by Bill Ore, W&5AT*1 

A Vertically Polar ited Delta Loop Antenna 

The vertically polarised delta loop antenna 
HFig. 2J is a popular PK performer for the 3D, 40 

and! SO meter bands. In its simplest version, it Is a 
one-wave length wire, wrapped into a triangle with 
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RAND 

SIDE LENGTH fLJ 

H 

50 

G6' *■" (2B.9MI 

75 £■' (33 

40 

46 10" IM.5£.V| 

40" 6" (ta.4M) 

30 

33.0 I10.1SM) 

Z3 10" O.flM) 

30 

33' 7" |7.19M| 

SO'S" (5 2U) 


Fig. 3 Delta loop provides 1.5 d& gain over vertical dipnie. Leap is fed 
through quarter-wave coax Transformer, 


the apex at the Lop end fed in one corner. Depending 
upon the shape of the loop and toe height o£ the 
bottom wire above ground, the feedpoint resistance 
runs between 80 and 120 ohms, providing a convenient 
match for A 50 QC 75 ohm coax line, either direct or 
through it 75 ohm impedance matching line section. 
The line is coiled into a six turn rf choke at the 
point it is connected to the loop to decouple the 
outer shield from: unwanted antenna currents. 

The delta loop provides about 1.5 dB gain over a 
Vertical dipole, and has d bidirectional radiation 
pattern at right angles to the plane of the loop* 
The high efficiency of the antenna indicates that 
the physical arrangement of the wire is relatively 
unimportant, however the loop gain aild feedpoint 
resistance are highest when the wire encompasses the 
greatest area. Operational bandwidth is excellent! 
an 8D meter loop covers the whole band with an £W3 
of less than 1,8-to-l. 
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Feeding the Delta loop for Multiband Operation 

IE the BO meter delta loop is fed with a 
tadLaneed, two-wire lino and an anteand tuner or 
Tran snatch, it can be operated on its harmonic 
frequencies. As the harmonic frequency increases* 
loop bandwidth grows and the resonant points are 
very broad. 

For prosper operation, the loop requires a top 
support about 4S feet £13*7 m} above ground* tin 
radials are reguired if the soil below the antenna 
has fair to good Conductivity. 

The Ha.1C “s 1 opex Antenna 

A relative of the vertical antenna is the 
half-slopor, So'-called because it is one-half of an 
inclined dipole* It is COthmOnly slung from an 
existing metal tower, with the far end of the wire 
tied off near ground level {fie* 3). The high 
current portion is at the top, which is beneficial 
tor the low angle radiation which is predominantly 
vertically polarized. The tower is an electrical 
part of the antenna and plays a significant role in 
its operation. It must be well grounded at the base. 

The half-sloner wire is fed at the top end and 
the shield ot the coax line is attached to the Lower 
at this point* The top of the antenna should be 
about a quarter-wavelength in the air and tbe bottom 
end must be well-clear of the ground ( 6 feet-l.B m, 
or more) for best results* The included angle 
between wire and tower is about 45 degrees, although 
changes in angle and wire height may be compensated 
for by varying the lungtn of the wire* 

Extended tests have shown that the helf-slopOf 
provides no gain over a ground plane, hut has 3 to 4 
□E directivity in the direction Of the slope. 
Apparent EMC signal gain comes from the low angle of 
radiation provided by this unusual antenna. In 
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FJg. 3 The basic aloper antenna is a quarter-wave wire led al Ihft 1-Qp And 
slung from an sxlsling lower. Shield of coax Is grounded to* tower at Che 
top. Lower end of eloper should cEsar the ground by ten feet or so. 

addition, the half-slopdt seems to pick Up lass 
man-made noise than the conventional vertical 
antenna, providing a great advantage in weak-signA 1 - 
reception* 





Preparing the Tower for the Half-sloper Anterms 

In most instances, the ha If-si drier is attached to 
an existing tower. For proper sloper operation, the 
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tower must act as a portion of the antenna system* 
It should have good electrical conductivity from, to:? 
to bottom. In the case of a crank-up or tilt-over 
tower, a flexible jumper must be placed across the 
mechanical joints* 3f a beam is atop the tower, good 
tower-to-rotary mast conductivity is very inportar.t 
because if it is intermittent, the 5WR on the sLoper 
wire will fluctuate in a breeze. A flexible jumper 
from tower to mast solves this problem* 

The coax Lines to the sloper and to the tower 
antenna, plus any control cables to the rotator on 
the tower , should be taped to one tower leg and 
brought down to ground level* They then should be? 
routed to the station along the ground* if 
convenient * the lines may be buried inside a garden 
hose to gut them out of the way* Burying cables 
Without good protection from ground water is a bad 
practice, hence the use of the hose. 

Installing the Half-sloper Antenna 

The attachment point of the half-sloper should 
he one-quarter wavelength, or more, above ground. If 
it is gre&fcCE or less than this figure, adjustments 
will probably have to fcs made to the length of the 
sloper wire and the included angle to the Lower. 
Varying the angle of the wire to the tower has a 
marked effect upon the feedpoint resistance and 
consequent SWtt, whereas adjustment of sloper length 
changes the resonant frequency of the antenna* The 
physical length of the wire is slightly greater than 
that of an equivalent quarter-wave wire* The length 
can be changed to position the resonant frequency c: 
the half-sloper at the desired point in the amateur 
band* 

Guy wires and other attachments to the tows: 
exert influence on the siopot wire. All guys should 
he broken up by strain insulators at short intervals 
to prevent unwanted resenant effects and, as ia the 
case of the ground plans antenna, the sloper tower 
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must have a good radial ground system at the base* 

The half-sloper antenna provides satisfactory 
operating bandwidth, typically 50 Khz on 160 meters, 
lOO kHz on SO meters and about 2QD kHz on 40 meters 
between the 2“to-L SWR points on the feedline* 

Building the Vertical Antenna 









A rugged and permanent vertical antenna can be 
built from telescoping sections of aluminum tubing* 
When properly assembled and guyed, this antenna will 
withstand heavy wind and icing* Shown in Table I are 
standard sizes of aluminum tubing that telescope 
within one another* The commercial alloy SO&l-TE 
combines good mechanical strength with corrosion 
resistance and is available from metal supply houses 
in large cities, Softer alloys used for gas lines 
and architectural worK should be avoided as their 
strength is low and the material bonds easily* 

The first assembly step is to slot one end of 
the larger diameter tubes with a hacksaw* The slot 
goes through both walls, on a line with the center 
axis of the tube. This permits the diameter of the 
tube to shrink a bit when a clamp is placed over the 
end* all burrs should be carefully removed from the 
walls of the tube and the mating sections of tubing 
sanded and cleaned to lessen the possibility o£ 
seizure after they are telescoped. The slot should 
he wide enough so that when pressure is put upon the 
end of the Lube, the next section of tubj.bg is held 
firmly :in place* 

Before the sections are joined, precautions must 
he taken to prevent corrosion at the joints* Only a 
minute amount of corrosion between the tubes will 
prevent disassembly of the antenna at a later auto* 
An antioxidising, conductive compound such as 
General Electric G-635 dielectric sealant grease, 
"PenetrOK n or 11 Cue 1-Aid' 1 should be smeared lightly 
over the mating sections of Lubrng* These compounds 
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TABLE 1 

ALUMINUM TUB t-M3 

- STANDARD 

U 1 ZEE. 

Re c onpt nd e4 

for inttrma 

c i? n p t r u c t i a n 

Outer 

0 i am. 

Wa 1 1 

Inner Diam 


Inch 

decimal 

i n ell 


Inch 

1 b / f t 

3 

(3 +0DQ) 

0,125 


2-700 

1.33 

3-112 

I2.5D0 ) 

0 .125 


2*15 0 

1 .10 

2-1 ft 

(2,500) 

0*063 


2.334 

0.74 

2-1 12 

(2.500 ) 

0 .083 


2*064 

0,6* 

2-1 / 2 

(2.500) 

0 ,065 


2,120 

0.52 

2 

(2 .000) 

a .043 


1 *834 

0, S 9 

2 

(2*00D) 

0 .065 


1 *870 

0,4 5 

1-7 /6 

(1,875] 

0.058 

fc 

1 ,75? 

0 .39 

1 -3 / 4 

(1.750) 

0.063 


1 .584 

0*51 

1 -3N 

[1 ,750] 

0 .058 

* 

1 .634 

0 .3* 

1-5/6 

(1 .625] 

0 ,0SR 

■ 

1 .509 

0.34 

1-5/8 

(1,625) 

0 .035 


1 .553 

0.21 

1-1/2 

(1*500) 

0,083 


1 *3 34 

0,43 

1-1/2 

(1 .500) 

0.065 


1 .370 

0 ,34 

1 =1 /2 

(1,500) 

0.058 

* 

1,134 

0*31 

1-1/2 

! 1 .5001 

0.049 


1 .402 

0 .2* 

1 -1 }2 

(1.500) 

0*035 


1 .430 

0.1& 

1-3/6 

[T*»«) 

0 .056 

* 

1 .259 

0.26 

1-3/8 

[1 .375 | 

0 ,035 


1 ,305 

0,1^ 

1-1 /4 

(1 ,250) 

0 ,058 

i 

1 .134 

0.26 

1-1/4 

£1*250) 

0.049 


1 ,1 52 

0,21 

i-i /a 

(1 .1251 

0 .058 

* 

1 .009 

0 .23 

i-i n 

(1 -125) 

0,035 


1 .055 

0.14 

t 

! 1 ,000 ) 

0 ,0 58 

■ 

0,864 

0 .20 

i 

{1.000) 

0 ,040 


0.902 

0.17 

E 

[1 *000 ) 

□ .035 


0.930 

0.12 

7/8 

[0*875} 

0 .058 

■ 

0,7 59 

0,18 

7/8 

(0,875 ) 

0 ,04? 


0,777 

0 ,15 

3/4 

(0*750) 

0,0 58 

V 

0*6 34 

0+15 

3/4 

(0 .7501 

0 .04 9 


0 .652 

0 .1 3 

5/6 

(0,625) 

0,0 5 6 

K 

0,509 

0.12 

S/5 

{0 .6 25 ) 

0 .049 


0 *527 

0 +1 1 

i n 

(0.500) 

0,058 

* 

0.384 

0.1 0 

\ (2 

(0*5 00 ) 

0 ,035 


0,430 

0+06 

7/1 6 

fG.438 ) 

0 .035 


0.3*7 

0.05 

3/6 

(0 ,375 ) 

0*053 

* 

0 ,259 

0 ,07 

5/16 

(0.313 ) 

0.056 

* 

0 .1 96 

0.06 

1/4 

(D .250] 

0*058 

4 

0 ,1 34 

0 .0 4 
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form an air-tiqht seal as well as being good 
electrical conductors. 

The sections are now telescoped and the joint 
held securely by a compression-type hose clamp, If 
the sections do not make a tight fit, the joint can 
be shimmed with thin strips of aluminum. In any 
cventj there Should be no movement in the joint whan 
the completed antenna is picked up at one end. 

Antenna Hardware 

Care must be taken to use hardware that will not 
rust or corrode. Never use stove traits or any tolts 
that lack a corrosion-proof finish, host industrial 
hardware is made ot cadmium- or zinc-plated metal. 
This is satisfactory, provided the antenna owner 
checks it every year as exposure to the weather 
gradually deteriorates the protective plating and 
the hardware rusts- The best and moat expensive 
hardware to use is stainless steel, but this is 
difficult to find* 

Ail plated hardware should be given a protective 
coat ot General Electric jvtv-IOS adhesive sealant or 
SiriC Chromate paint, The paint can be £ound aL large 
hardware and home improvement stores in an Aerosol 
dispenser. Dc not breathe the paint fumas as they 
are toxic* 

If possible, use hexagonal-headed holts and 
elastic stop nuts for antenna assembly. If stop nuts 
ore not used, lock washers are mandatory. ‘The uSC of 
slot-head bolts is not recommended as it is easy for 
the screwdriver to slip out of the bolt head, 
possibly inflicting a bad wound on the assembler, 

Ey following these suggestions, the buildi^r can 
make an antenna that is safe and easy to erect and 
simple to take apar t. 
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Antenna 'Guys 

Large antennae require guy wires to prevent them 
from whipping about in the wind, A broken guy is a 
safety hazard and the installation of guys should be 
done as carefully as assembly of the antenna* For 
most light amateur vertical antennas galvanizes 
steel guy wire, broken up by strain insulators, can 
be used. The guys are broken into 10 foot (3 m) 
lengths to prevent then from becoming a resonant 
part of the antenna system. Galvanized coating rusts 
in a few years so an annual check of guys and 
hardware for rust is a good idea. For large antennas 
or towers. Stranded Steel guy Wire is required* 
Small antennas can be guyed with polypropylene rope, 
eliminating the need for strain insulators* Keep an 
eye oh the rope as it stretches with age., 

The Base insulator 

m most cases r the voltage at the base of a 
vertical antenna is high enough to cause trouble. As 
an example, a quarter-wave vertical with a foadpoint 
resistance of 35 ohm, 5 has a base - Co “grou n<I voltage 
of about 105 volts with 1C00 watts applied to the 
antenna* This is enough to give the unwary a bad 
burn so the base of the antenna should be protected 
against tire curious. 

Any good insulating material can be used for the 
base insulator* Hard, maple wood is a good choice if 
it is provided with a protective ccat of General 
Cement CO. ''msul-volt" varnish £G.C* or 
several coats of varnish or shellac* A surplus 
ceramic insulator will do the job for a small 
antenna. Some amateurs use an empty soft drink glass 
bottle as an antenna base insulatorJ Others mount 
their vertical directly to a ground post with 
U-boIts. All of these ideas, and others you may 
think up, will work. 
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Lightning Protection 

If an antenna receives a direct lightning strike 
it may be badly damaged or vaporized. A lightning 
bolt can discharge over 20,000 amperes in a few 
seconds. Antenna, feedlino and radio equipment can 
be destroyed with possible fatal burn or shock to 
the operator, if he is in the vicinity. 

For this reason it is important that the 
feedline from antenna to station be disconnected. 
The feedline should be grounded outside the station 
to bleed off static electricity that may build up on 
the antenna* 

A degree of equipment protection can be achieved 
from nearby lightning strikes {which can induce 
abnormally high transient voltages in the antenna) 
by the inclusion of a transient surge protector in 
the coax line. One such device is the Transi-trap 
protector {Alpha Delta Ccuimuni cat ions, Inc., Box 
571, Centerville, OH 45^59). This unit is placed in 
the coax line from antenna to the Station, 

Communication equipment can he protected from 
damage caused by induced power line surges from a 
nearby lightning stroke with the aid of a transient 
protective device such as a metal-oxide varistor 
tHGV) whoso resistance varies with the magnitude of 
the voltage surge* The device is pieced on Che power 
line tn the equipment. Additional information on 
these products may be found in a February, 1992, ££T 
article by Collick and Stuart* 

The National Fire Frotection Association 
(Batterymarcb Park, Quincy, MA 02269) publishes a 
booklet [no, 79-1933) called "Lightning Protection 
Code 1 " that includes information pertinent to 
electronic equipment. Write for it* 
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Antenna Teat Equipment 

In order to make sure your antenna works the way 
it ie intended to, you will need several items of 
inexpensive test equipment to evaluate it* The 
questions you will want to answer ate: Is my antenna 
resonant at tile design frequency? Does my antenna 
match my transmission line? Inexpensive items of 
test, equipment will give you easy and rapid answers 
ta these questions* 

The test equipment required are an accurate SHE 
bridge and a dip meter* The SUE meter is often 
incorporated in the transmitter, but you'll have to 
buy or build the dip meter. 

Toe SHE Meter 

Tile SHE meter measures the standing wave ratio 
[£"riE) on the transmission line to the antenna* {This 
is also called the "voltage standing wave ratio"* or 
“VSHJi 1 '*} The reverse reading of the meter indicates 
the degree of match between antenna and line* If the 
match is perfect (rtro reverse reading on the 
meter), the 5WS is unity, or "l-tO-V. As the 
mismatch between antenna and line becomes greater, 
the r eve r s e SHE resdinq ri b es accordingly. Host 
modern equipment is designee to work into 3 SHE as 
high as 2-to-l. 

You can build an SHE meter if you want to, hut 
there are good, accurate ones on the market* The 
inexpensive SHE meters are satisfactory for most 
purposes, but their reverse readings can be wildly 
jnnacurate, and often are* However, the aim is to 
achieve a low value of 5WE Oh the feedline and the 
exact value of 5WE is relatively unimportant. Buy 
the best SWR meter you can afford and you'll get the 
most accurate results. Some of the better models 
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have plug-in rf heads for different frequency hands 
and will work accurately up into the vhf region. 

Til* hip Meter 

Thu dip meter is a low power tunable oscillator 
that covers the various bf ham bands by means of 
plug-in coils* it has a meter that provides 
indication of resonance when the instrament is 
coupled to an anterma or other tuned Circuit. The 
ekaefc resonant frequency found by the dip meter can 
be verified by listing to the device on a nearby 
receiver whose dial calibration can be read to 10 
kHz, or better. Commercial dip meters are available, 
but less expensive devices may be built Up from 
kits. 

An SO Meter Half-slopar Cage Antenna 

A conventional half-sloper antenna has a 
relatively narrow bandwidth and will not cover the 
whole 60 meter band with a reasonable value of SWH. 
on the feedline. Shown in Pig. 4 is a multiwire 
sloper which provides improved bandwidth* The 
measured SHE is below 1,5-to-l between 3*5 and 4,0 
1153 z„ 

The antenna consists of a 4“Wire cage, 25 inches 
(■53.5 cn) on a side and 63,5 feet (1£*35 n> long* it 
is fed at the top, in the manner of a conventional 
sloper* Five spreader assemblies, made out of 
fiberglass rods, hold the wires in position* The 
spreaders arc lashed together at the center points 
with a wrapping of stranded wire. 

The end spreaders are placed so that the 
distaace from the spreaders to the end insulators is 
2 feet (D*fi m)* A short nylon line is run from the 
crossover points of the end spreaders to the outer 
insulator to prevent bowing* 

The cage wires are interconnected at each 
spreader by wire jumpers running along the 
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Fig, 4 Broadband Eloper anlenns Tor ED meters. -Spreaders are made of 
3£ inch (93cm) fiberglass rods. All wires are connected by Jumpers al each 
spreader, SWfl la Jess Ihsn i AIM over 3,5 10 4,0 MHs, 

spreaders. Thu wires arc soldered together at the 
crosspoints. 

'Ilie antenna is fastened at the 50 foot {15,3 m) 
level on a metal tower which may be used to support 
another antenna. The coax feedline is run up the 
tower and the shield grounded to the tower at the 
top. The connection wire between fccdline and 
antenna should he not longer than 10 inches {25 era). 
The coax is brought down one tower leg, along with 
any cook or control wires to the beam atop the 
Lever. The lower end of the cage is ebout 20 feet 
{□,'1 m) above ground level. 

In general* changing the cage length changes the 
resonant frequency and changing the slope angle or 
height of the end point above ground changes the 
feedpoint resistance. 

{This antenna is adapted from a design by Dick 
janssnn* WD4FAB, which was described in the August* 
1933, issue of "Tlam Fadio" magazine, J 
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The HF Mobile Antenna 

The success nr failure of hf mobile operation 
depends upon the efficiency of the antenna. The 
mobile station runs relatively low power and muat 
compete with high power fixed stations with good 
antennas. A popular mobile antenna is an 6.6 foot 
(2,63 m) stainless steel whip mounted on the rear of 
a vehicle. For 10 and 15 meter operation, antenna 
efficiency IS high as the antenna is very near 
quarter-wave resonance. Foedpoint resistance ig 
close to 30 ohms and the reactance is near zero on 
10 meters and quite low on 15 meters. 

As operation is shifted to the lower bands, the 
antenna grows snorter in terras of operating 
wavelength and the feedpoint resistance drops 

accordingly* At the same time* antenna reactance 
rises and operating bandwidth decreases. At 80 

meters, for example, the feedpoint resistance of the 
whip is about 0.5 ohm, the reactance has increased 
to ever ohms and the operating bandwidth 

as the operating range over which the 
less than 2-to-l) has dropped to 


{defined 
feedline SWF is 
about 15 kHz. 

For 
of the 
negative 


proper operation, the feedpoint resistance 
whip must be matched to 50 ohms and the 
reactance cancelled out by adding eque] 


positive reactance in the forra of a loading coil. 


The Loading Ceil 


Experiments have shown that mounting the coil 
near the center of the antenna is a go-od compromise 
between electrical efficiency and mechanical 
awkwardness. The -Coil must havo a high ratio of 
reactance to resistance to minimize coil loss. This 
means winding the coil with heavy wire on a form 
whose length is about two to four times the 
diameter. An air-wound coll, or one wound on a 
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ceram.ic or polystyrene form, is recommended, A good 
coil will have a figure of merit (Q) of 3C0 or 
better. Even, so, antenna efficiency is quite low* 

For example, assume an 80 meter center loaded 
whip has a fecdpcint resistance of 0.5 ohm and a 
reactance of -1S50 ohms. The loading ceil therefore 
must have a reactance of +1S50 ohms to establish 
antenna resonance. If the toil has a Q of 300, the 
r£ resistance of the coil is 1850/300, or about 6.2 
ohms. Overall antenna efficiency is the feedpoir.t 
resistance divided by the sum of the coil resistance 
plus the feedpoint resistances 0,5/{6.2+0.5), or 
,074 or 7.4 percent. This means that a 100 watt 
transmitter connected to this antenna would radiate 
about 7,4 watts 1 

It is very difficult to ohtain a practical 
loading coil for BU meters having a Q higher than 
about 300, SC this is an example of a limiting case, 
sc far as efficiency goes. 

On ICO metersJ the situation is even bleaker, as 
whip antenna efficiency ryns about 0.5 percent. Even 
with this handicap, 160 ms ter mobile operation is 
practical and enjoyed by many amateurs. 

Loading coil efficiency is much better on the 
higher bands and overall antenna efficiency is 
greater than 50 percent Oft the 20, 15 and 10 meter 
bands. 

Tuning the HF .Mobile Antenna 

A good match between the mobile antenna and the 
coax feed line can be achieved with a shunt base 
□oil, as described earlier. Before the coil and 
focdllne are attached, the antenna should be 
grounded to the frame of the vehicle via a two turn 
loop and checked for resonance with a dip meter* The 
antenna is resonated to frequency by varying the 
number of turns in the loading coil or by adjusting 
the length of the top portion of the whip. 
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The antenna is new attached to the feedlms and 
the shunt matching coil is placed across the coax 
line terminals, A tapped coil consisting of 20 
turns, 1*5 inches (3.0 cm) i(l diameter is 
satisfactory. Low power is applied to the antenna 
and the number of turns on the coil adjusted th 
provide a low value of 5W3 on the feediine. It will 
be necessary to readjust the antenna slightly to 
reestablish resonance when the match is close to 
unity, 

An easy way to temporarily lower the antenna 
resonant frequency is to add a few inches of wire at 
the top of the antenna with the aid of a copter 
battery clip. This is a quick and effective way of 
changing antenna resonance when the operating 
frequency is changed. 

The VHP Mobile Antenna 

The 1/4- and 3/fl-wave vertical whip antennas are 
widely used for vhf mobile operation. A good match 
is achieved by feeding the antenna directly with 4 
coax line, r£ the match needs to be improved, a 
small shunt coil can be placed across the antenna 
feedpoint, A six turn coil, 0.5 inch (2,3 cm) 
diameter about 1 inch (2.54 cm) long can do the joh* 
Expand or squeeze the turns until the best match is 
achieved. 

The ideal antenna mounting spot is on the roof 
of the car, with a rear-deck mount a good 
alternative. For temporary operation a magnetic 
tiount can be used, although it can slip and let the 
antenna blow off the vehicle at high speeds, 
particularly when driving into a strong wind, A more 
permanent count involves attaching the antenna base 
directly to the vehicle. Many amateurs hesitate to 
do this because it involves cutting a hole in the 
car body. 
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The Vertical Antenna-The Final Wor£ by WfiSAI 

Many years ago a good friend described a 
vertical antenna to me as "cne that radiates equally 
poorly in all directions''. r believed that remark 
for many years until I had the opportunity to build 
and test various vertical antennas myself. 

Looking back upon this story, 1 realized my 
friend was comparing a ground-mounted ground plane 
against a high, 3"element Yagi. The ground plane* 
moreover, was surrounded by power lines and close to 
adjacent buildings. 

Why not give the vertical antenna a real chance 
to perform? My first vertical was a 50 foot, 
center-loaded whip for SC meters. It was mounted 
atop a single story garage and had five radial. 1 ; 
Which ran around the yard* It was a great OK 
antennal I admit that within a thousand miles, it 
produced poor results* But working the east coast 
from VT6-land, it provided reports equivalent to 
other local stations running high dipoles. And in 
Europe, Africa and Asia it excelled. I could hear QX 
stations other antennas could not pull out of the 
background. And my reports were impressive. 

A series of follow-up verticals for the higher 
bands were built and used, always with good results* 
My conclusions* based upon using these simple and 
inexpensive antennas, were that—given a good 
chance ""-the vertical is a good antenna for the 
amateur with a lean purse and insufficient room to 
put Up 3 team* 
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